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(57) Conventionally, in the process for inspecting a 
molded product, a measurement point indicating a por- 
tion to be measured is defined by using attribution infor- 
mation, such as a tolerance difference, and a measure- 
ment program is created, or a manual measurement in- 
stalment is employed to conduct the measurement. 

According to the invention, provided is an informa- 
tion processing apparatus supporting general measure- 
ment operations, including those for manual measure- 
ments, by using attribution information, such as a di- 
mension and a dimensional tolerance, that is added to 
a CAD model generated by a CAD apparatus. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to an information 
processing apparatus and a method therefor, and in par- 
ticular to an information processing apparatus and a 
method therefor employing a 3D model (computer aided 10 
geometry model in 3D) generated by using 3D-CAD. 

Related Background Art 

[0002] Conventionally, a CAD apparatus (especially, *5 
a 3D-CAD apparatus) is employed to design objects 
(hereinafter simply referred to as parts) having a three- 
dimensional shape, such as parts for goods or products. 
Further, based on this design, metal molds for manufac- 
turing parts are generated. 20 
[0003] Before using the design information prepared 
by the CAD apparatus, attribution information, such as 
dimensions, dimensional tolerances, geometric toler- 
ances, annotations and symbols, are entered for a 3D 
model (computer aided geometry model in 3D). 25 
[0004] In order to enter this attribution information for 
the 3D model, planes, ridge lines, center lines and ver- 
texes of the 3D model are selected. For example, attri- 
bution information shown in Fig. 29 is entered for a 3D 
model shown in Fig. 27 (the front view, the plan view 
and the side view of this 3D model are shown in Fig. 28). 
The attribution information includes: 

(A) distances (lengths, widths and thicknesses), an- 
gles, hole diameters, radii, chamfering dimensions, 
and dimensional tolerances accompanied by di- 
mensions; 

(B) geometric tolerances and dimensional toleranc- 
es to be added to planes and ridge lines, without 
dimensions being entered; 

(C) annotations to be transmitted or instructed for 
machining or manufacturing parts, units and prod- 
ucts, and symbols that are determined in advance 
as a premise for representing, for example, surface 
roughness. 

[0005] For adding attribution information to a 3D mod- 
el, roughly two methods, as follow, are employed. 

(1) Method for adding dimensions, dimensional tol- 
erances, geometric tolerances, annotations and 
symbols 

* Dimension lines and projection lines are re- 
quired for the entry of dimensions and dimen- 
sional tolerances. 

* Leader lines are required for the entry of geo- 
metric tolerances, annotations and symbols. 



(2) Method for adding dimensional tolerances, ge- 
ometric tolerances, annotations and symbols with- 
out dimensions being provided. 

* Dimension lines and projection lines are not re- 
quired. 

* Leader lines are required for the entry of d imen- 
sional tolerances, geometric tolerances, anno- 
tations and symbols. 

[0006] For a downstream process, such as a metal 
mold manufacturing process, attribution information is 
confirmed by referring to a CAD model or a 2D drawing 
(drawing in 2 dimention), and molding products and met- 
al mold parts are inspected. 

[0007] For the metal mold manufacturing process, the 
inspection of molding products is performed after the 
metal mold design, the NC programming, the metal 
mold manufacture and the molding steps have been 
completed. 

[0008] For the inspection of a molding project, a man- 
ual measuring instrument or an automatic measuring in- 
strument, such as a CMM, a microscope or a microme- 
ter, is employed based on such design information as 
the designated dimensional tolerances for a drawing or 
a model. 

[0009] A three-dimensional measuring instrument 
measures (for each plan) a molded product in each of 
several directions, such as the obverse, the reverse and 
the right and left of the product. When a 2D drawing is 
employed, a double measurement is performed by add- 
ing marks to the measured dimension, or carefully with- 
out missing a measurement. 

[0010] When a molded product is inspected in the 
conventional manner, the following problems have aris- 
en. 

(1) The measurements must be conducted while 
taking into account which measurement instrument 
should be employed for each dimension, and the 
same dimension must be referred to many times to 
determine whether it has already been measured, 
or whether it should be measured by employing the 
measurement instrument being used at the perti- 
nent step. Thus, an extended period of time is re- 
quired to complete the measurements. 

(2) The measurements must be conducted in order 
by using each measurement instrument or each 
plan for a measurement instrument. For example, 
measurement steps are conducted in the following 
order: dimension measurements are performed us- 
ing a CMM (three-dimensional measurement instru- 
ment), then, a microscope is used, when there are 
measurements that not obtained using a CMM, and 
if all such measurements are not obtained using a 
microscope, a micrometer is used. The total meas- 
urement time, therefore, is extended. 

(3) Design information for several tens, or hundreds 
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or more dimensions are provided as attribution in- 
u formation for a drawing or a model. For the meas- 

urement of dimensions, required information must 
be extracted to identify the portion that is to be 
measured, and for a complicated model, target di- 
mensions must be searched for while the measure- 
ments are being made. Therefore, an extended pe- 
riod of time is required. 

(4) Since marks representing measurements that 
have been obtained are added to a drawing while 
the measurement process is in progress, omis- 
sions, clerical errors and oversights tend to occur. 
And frequently, at the end of the measurement proc- 
ess, an examination reveals portions that were 
missed or for which measurements were not ob- 
tained, and measurements made for the dimen- 
sions of these portions must be repeated using the 
individual measurement instruments. Therefore, 
time for backtracking is required. 

(5) The measurement values and the portions 
measured using measurement instruments are 
transferred to paper and are compared with the di- 
mensions. Therefore, time is required to perform 
this comparison of the measurement results. 

[001 1] Furthermore, identifiers are added so that siz- 
es can be compared with measurement results. There- 
fore, measurement values are generally recorded with 
the identifiers, so that measurement results can be com- 
pared with dimensions to which identifiers on a drawing 
are attached. 

[0012] In Japanese Patent Application Laid-Open No. 
5-282388 a dimension inspection apparatus adds an 
identifier to a CAD drawing and prints a measurement 
examination sheet, or outputs data to a measurement 
instrument. 

[0013] According to this method, the system automat- 
ically adds identifiers and displays data in order to re- 
duce the labor effort required and to eliminate errors. 
The contents of the identifiers to be added need not be 
designated in advance. 

[0014] In addition, in Japanese Patent Application 
Laid-Open No. 08-082575 a method and an apparatus 
for generating and displaying an evaluation table auto- 
mates the collection of measurement results, so as to 
improve the efficiency of the measurement process. 
[0015] Further, described in Japanese Patent Appli- 
cation Laid-Open No. 08-190575 are "an apparatus and 
a method for teaching an inspection", and described in 
Japanese Patent Application Laid-Open No. 
2000-235594 are "a CAD system and a method for in- 
specting a measured dimension value", while the meas- 
urement instrument is limited to a CMM and an identifier 
for a dimension is added to CMM path data, so that a 
measured value is output with the identifier to the output 
file of the three-dimensional measurement instrument 
and the measurement results can be read by the CAD 
system and compared with the dimensions. Further- 



more, a CAD system available on the market also han- 
dles a method for adding an identifier to a dimension 
and outputting CMM path data, and for reading the 
measurement results and comparing them with the di- 
5 mensions. 

[001 6] When the measurement results are to be com- 
pared with the dimensions, however, conventionally, the 
following problems and requests have arisen. 

10 (6) The conventional technique limits the measure- 
ment instrument that is used to an automated meas- 
urement instrument, such as a CMM, and does not 
support the use for a measurement operation of a 
manual measurement instrument, such as a mi- 

15 crometer. 

(7) Even an automated measurement instrument, 
such as a CMM, may not easily prepare a measure- 
ment program on a CAD screen (off-line teaching), 
and the conventional technique does not support 

20 the generation (on-line teaching) of a measurement 

program using a CMM. 

(8) The capability of an operation using a manual 
measurement instrument and the off-line teaching 
using an automated measurement instrument is not 

25 taken into account for the conventional automatic 
identifier addition system. Thus, an improved func- 
tion for transmitting information to an operator (a 
function for the visibility of an identifier, etc.) is re- 
quired. 

30 (9) in the inspection process, a large number of 
steps are required for manual on-line teaching and 
for manual measurement. Therefore, for both as- 
pects of the cost and the delivery deadline, a de- 
mand exists for the improvement of the operating 

35 efficiency and for a reduction in the number of steps. 
(1 0) Measurements must be conducted while taking 
into account which measurement instrument should 
be employed for each dimension, and the same di- 
mension must be referred to many times so as to 

40 determine whether it has been already measured, \ 
or whether it should be measured by employing the 
measurement instrument used for the pertinent 
step. Thus, an extended period of time is required 
for measurements. 

45 (11 ) Measurements must be conducted in order by 
using each measurement instrument or in accord- 
ance with a plan that provides for the use of each 
measurement instrument. For example, measure- 
ment steps are performed in the following order di- 

50 mension measurements are normally performed 
using a CMM (three-dimensional measurement in- 
strument), then, a microscope is used when there 
are measurements that are not obtained using a 
CMM, and if all such measurements are not ob- 

55 tained using a microscope, a micrometer is used. 
The total measurement time, therefore, is extend- 
ed. 

(12) Conventionally, a 2D drawing is employed to 
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transmit design/manufacturing information, and a 
o great number of steps is required for the generation 

of the 2D drawing. To eliminate this problem, it is 
anticipated that when a "paper drawing-less" (here- 
inafter referred to as drawing-less) process is im- 
plemented whereby design information is transmit- 
ted by adding design/manufacturing information, 
such as dimension tolerances, to a 3D model, the 
number of steps required for the transmission of da- 
ta can be considerably reduced. 

(13) A method for performing measurements while 
referring to the dimensional tolerances added to a 
2D drawing is set up for the inspection step, and a 
system for efficiently measuring dimensions while 
referring to attribution information added to a 3D 
model is required to implement the "drawing-less" 
process and to reduce the number of data transmis- 
sion steps and the cost. 

(14) Design information for several tens or hun- 
dreds or more dimensions are provided as attribu- 
tion information for a drawing or a model. Then, for 
the measurement of the dimensions, required infor- 
mation must be extracted to identify portions to be 
measured, and for a complicated model, target di- 
mensions must be searched for while the process- 
ing for the measurements is conducted. An extend- 
ed period of time is therefore required. 

(15) Since marks representing the measurements 
that have been completed are added to a drawing 
while the measurement process is being performed, 
omissions, clerical errors and oversights tend to oc- 
cur. And frequently, after the measurement process 
has been completed, a drawing is examined and a 
portion is found that was missed and for which 
measurements were not obtained, and for this por- 
tion the dimensions must again be measured using 
individual measurement instruments. Time is there- 
fore required to counter this setback. 

[0017] At an inspection step, measurement points 
representing a portion to be measured are determined 
forthe addition of attribution information, such asdimen- 
sional tolerances, and a measurement program is gen- 
erated that provides for the use of a manual measure- 
ment instrument for the measurements. 
[0018] Using a pen, marks are added to portions on 
a drawing printed on paper as measurement points that 
correspond to locations that are to be measured, or 
measurement points are added to a CAD model using 
a CAD apparatus. Further, a measurement program is 
prepared by referring to the information for the meas- 
urement points added to the CAD model. 
[0019] Then, at the NC programming step, offset val- 
ues equivalent to cut margins are added as attribution 
information to the CAD model and an NC program is 
prepared. 

[0020] When the CAD model is later changed by al- 
tering its design, generally it is exchanged for another 



model during the downstream process, and additional 
information, such as measurement points currently car- 
ried by the CAD model or offset values equivalent to the 
cut margin, is added to the CAD model after the change. 
5 [0021] Usually, when a plurality of operators handle 
the same data, the following three methods are em- 
ployed. 

A. Exclusive control 

10 

[0022] A change right is designated for data, and only 
an operator having this right may change that data. 
When another operator is to correct data for which a 
change right exists, the current holder of the change 

15 right must terminate any alteration operation, stabilize 
the data being processed, and release the right change 
to the other. Then, the other operator, to whom the 
change right has been transferred, may operate on the 
stored data. The change right is owned by only one per- 

20 son at a time. 

B. Synchronization across a network 

[0023] When a computer transmits alteration informa- 
25 tion as operating change procedures to other computers 
to which it is connected via a network, the altered con- 
tent is reflected in the data originally held by the receiv- 
ing computers. 

30 C. Manual re-input 

[0024] A portion containing changes is evaluated and 
manually employed so it is reflected in the CAD model 
for which the added information is provided, or the add- 
35 ed information is used for the re-entry of data in the mod- 
el being updated. 

[0025] When data has been shared in the above de- 
scribed manner, the following problems and demands 
have arisen. 

40 

(16) For exclusive control, it is difficult for parallel 
operations to be simultaneously performed, even 
though consistency of data by using common data 
can be maintained. 
45 (17) Synchronization across a network must be 
controlled by the operator of a terminal connected 
to the network, and temporarily proceeding with an 
independent operation is difficult 

(18) Although additional information can be reen- 
50 tered manually and independently, the labor for re- 
entry and entry of omissions may be required. 

(1 9) When data is altered, it is also difficult to identify 
the portion that has been altered. 

55 SUMMARY OF THE INVENTION 

[0026] It is an object of the present invention to ad- 
dress at least one of these problems. 
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[0027] An embodiment is operable to add, to data 
generated by a CAD apparatus, attributions for improv- 
ing operability. An embodiment is operable to efficiently 
perform an inspection using data generated by a CAD 
apparatus. 5 
[0028] The present invention provides an information 
processing apparatus comprising: 

attribution input means for entering attribution infor- 
mation for a 3D model; 10 
attribution categorization means for sorting the at- 
tribution information into a plurality of groups; 
attribution display means for displaying attribution 
information for each of the groups. 

15 

[0029] The present invention also provides an infor- 
mation processing method comprising: 

an attribution input step of entering attribution infor- 
mation for a 3D model; 20 
an attribution categorization step of sorting the at- 
tribution information into a plurality of groups; 
an attribution display step of displaying attribution 
information for each of the groups. 

25 

[0030] The present invention also provides a compu- 
ter executable program product comprising: 

code for entering attribution information for a 3D 
model; 30 
code for sorting the attribution information into a plu- 
rality of groups; 

code for displaying attribution information for each 
of the groups. 

35 

[0031] The present invention also provides an infor- 
mation processing apparatus comprising: 

visual line setting means for defining an arbitrary 
visual direction and a visual line for a 3D model; *o 
attribution entering means for categorizing, into 
groups, attribution information corresponding to the 
arbitrary visual direction set by the visual line setting 
means, and for adding the categorized attribution 
information to the groups; 45 
storage means for storing the visual direction in cor- 
relation with the categorized attribution information 
groups; 

designation means for designating the visual direc- 
tion; and 50 
display means for displaying an attribution informa- 
tion group that corresponds to the visual direction 
designated by the designation means. 

[0032] The present invention also provides an infor- 55 
mation processing method comprising: 

a visual line setting step of defining an arbitrary vis- 



ual direction and a visual line for a 3D model; 
an attribution entering step of categorizing, into 
groups, attribution information corresponding to the 
arbitrary visual direction set at the visual line setting 
step, and of adding the categorized attribution in- 
formation to the groups; 

a storage step of storing the visual direction in cor- 
relation with the categorized attribution information 
groups; 

a designation step of designating the visual direc- 
tion; and 

a display step of displaying an attribution informa- 
tion group that corresponds to the visual direction 
designated at the designation step. 

[0033] The present invention also provides a compu- 
ter executable program comprising: 

code for defining an arbitrary visual direction and a 
visual line for a 3D model; 

code for categorizing, into groups, attribution infor- 
mation corresponding to the arbitrary visual direc- 
tion set at the visual line setting step, and for adding 
the categorized attribution information to the 
groups; 

code for storing the visual direction in correlation 
with the categorized attribution information groups; 
code for designating the visual direction; and 
code for displaying an attribution information group 
that corresponds to the visual direction designated 
at the designation step. 

[0034] The present invention also provides an infor- 
mation processing apparatus comprising: 

identifier addition means for adding an identifier to 
attribution information, including a CAD model di- 
mension; 

operation teaching means for teaching operation 
results, such as measurement results; 
operation results reading means for, based on the 
identifier, reading the operation results and the at- 
tribution information in correlation with each other; 
and 

operation results display means for displaying the 
operation results in correlation with the CAD model. 

[0035] The present invention also provides an infor- 
mation processing method comprising: 

an identifier addition step of adding an identifier to 
attribution information, including a CAD model di- 
mension; 

an operation teaching step of teaching operation re- 
sults, such as measurement results; 
an operation results reading step of, based on the 
identifier, reading the operation results and the at- 
tribution information in correlation with each other; 
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and 

an operation results display step of displaying the 
operation results in correlation with the CAD model. 

[0036] The present invention also provides a compu- 
ter executable program comprising: 

code for adding an identifier to attribution informa- 
tion, including a CAD model dimension; 
code for teaching operation results, such as meas- 
urement results; 

code for, based on the identifier, reading the oper- 
ation results and the attribution information in cor- 
relation with each other; and 
code for displaying the operation results in correla- 
tion with the CAD model. 

[0037] The present invention also provides an infor- 
mation processing apparatus comprising: 

attribution information comparison means for com- 
paring old attribution information with new attribu- 
tion information; and 

additional information transfer means for, when the 
old and the new attribution information correspond, 
transferring additional information provided for the 
old attribution information to the new attribution in- 
formation. 

[0038] The present invention also provides an infor- 
mation processing method comprising: 

an attribution information comparison step of com- 
paring old attribution information with new attribu- 
tion information; and 

an additional information transfer step of, when the 
old and the attribution information correspond, 
transferring additional information provided for the 
old attribution information to the new attribution in- 
formation. 

[0039] The present invention also provides a compu- 
ter executable program comprising: 

code for comparing old attribution information with 
new attribution information; and 
code for, when the old and the new attribution infor- 
mation correspond, transferring additional informa- 
tion provided for the old attribution information to the 
new attribution information. 

[0040] The present invention also provides an infor- 
mation processing apparatus comprising: 

attribution information comparison means for com- 
paring old attribution information with new attribu- 
tion information; and 

changed attribution information teaching means for 



displaying changed attribution information in corre- 
lation with data. 

[0041] The present invention also provides an infor- 
5 mation processing method comprising: 

an attribution information comparison step of com- 
paring old attribution information with new attribu- 
tion information; and 
10 a changed attribution information teaching step of 
displaying changed attribution information in corre- 
lation with data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0042] 

Fig. 1 is a flowchart showing the general processing 
for molded metal part mold production; 
20 Fig. 2 is a block diagram showing a CAD apparatus; 
Fig. 3 is a flowchart showing the processing per- 
formed by the CAD apparatus in Fig. 2; 
Fig. 4 is a diagram showing an example geometry 
model; 

25 Fig. 5 is a conceptual diagram showing the correla- 
tion of individual sections constituting a geometry 
model; 

Fig. 6 is a conceptual diagram showing a method 
used for storing Face information in an internal stor- 
30 age medium 201; 

Fig. 7 is a plan view of a 3D model and an attribution 
allocation plane; 

Fig. 8 is a diagram showing a 3D model and accom- 
panying attribution information; 

35 Fig. 9 is a diagram showing a 3D model and accom- 
panying attribution information; 
Figs. 1 0A and 1 0B are diagrams showing a 3D mod- 
el and accompanying attribution information; 
Figs. 11 A and 11 B are diagrams showing a 3D mod- 

40 el and accompanying attribution information; 

Fig. 12 is a flowchart showing the processing for 
adding attribution information to a 3D model; 
Fig. 13 is a flowchart showing the processing for 
adding attribution information to a 3D model; 

45 Fig. 14 is a flowchart showing the processing for 
adding attribution information to a 3D model; 
Fig. 15 is a flowchart showing the processing for 
adding attribution information to a 3D model; 
Fig. 16 is a flowchart showing the processing for 

50 adding attribution information to a 3D model; 

Fig. 17 is a flowchart showing the processing for 
adding attribution information to a 3D model; 
Fig. 18 is a diagram showing the state wherein a 
plurality of views are established for a 3D model; 

55 Figs. 1 9A and 1 9B are diagrams of the 3D model in 

Fig. 18 corresponding to the view E; 
Fig. 20 is a diagram showing a view on 3D model; 
Figs. 21 A and 21 B are partial, detailed diagrams of 
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the 3D model; 

Fig. 22 is a diagram showing an example wherein 
the display of the geometry not correlated with at- 
tribution information is changed; 
Figs. 23A and 23B are diagrams showing an exam- 5 
pie wherein only the geometry within an arbitrary 
range is displayed; 

Fig. 24 is a diagram showing the state wherein a 
plurality of views are established for a 3D model; 
Fig. 25 is a diagram showing the 3D model seen 10 
from the view F in Fig. 24; 

Fig. 26 is a diagram showing the 3D model seen 
from the view G in Fig. 24; 

Fig. 27 is a diagram showing an example 3D model; 
Fig. 28 is a front view, a plan view and a side view 15 
of the 3D model in Fig. 27; 

Fig. 29 is a diagram showing the state wherein at- 
tribution information is added to the 3D model in Fig. 
27; 

Figs. 30A, 30B, 30C and 30D are diagrams showing 20 
an example 3D model; 

Figs. 31 A, 31 B and 31 C are partially enlarged dia- 
grams showing a 3D model; 
Fig. 32 is a front view, a plan view and a side view 
of the 3D model; 25 
Figs. 33A, 33B, 33C, 33D and 33E are diagrams for 
explaining the state wherein a 3D model and attri- 
bution information are represented two-dimension- 
ally; 

Fig. 34 is a flowchart showing the processing for 30 
setting the direction in which an attribution alloca- 
tion plane is displayed; 

Fig. 35 is a flowchart for displaying a 3D model us- 
ing attribution information as a key; 
Fig. 36 is a flowchart for displaying a 3D model us- 35 
ing geometric information as a key; 
Fig. 37 is a flowchart for categorizing attribution in- 
formation and for measuring a dimension for each 
plan; 

Fig. 38 is a flowchart showing the processing for a *o 
mold inspection step; 

Fig. 39 is a diagram wherein identifiers have been 
added to attribution information for a 3D model; 
Fig. 40 is a diagram wherein measurement points 
have been added to attribution information for the 45 
3D model; 

Fig. 41 is a conceptual diagram showing data used 
for measurement; 

Fig. 42 is a diagram showing an operation teaching 
process for a 3D model; so 
Fig. 43 is a detailed flowchart for explaining the op- 
eration teaching processing; 
Fig. 44 is a diagram showing a 3D model displayed 
in correlation with measurement results; 
Fig. 45 is a conceptual diagram showing a method 55 
for storing an identifier and identifier list information 
in the internal storage medium 201; 
Fig. 46 is a flowchart for the automatic identifier ad- 



dition processing performed during the attribution 
information addition processing; 
Fig. 47 is a diagram showing an automatic identifier 
addition switching program menu for the attribution 
information addition processing; 
Fig. 48 is a flowchart for a method for adding an 
identifier to each geometry model or each attribu- 
tion group; 

Fig. 49 is a flowchart for the method used for adding 
an identifier to each geometry model or each attri- 
bution group; 

Fig. 50 is a diagram showing a program menu for 
the method used for adding an identifier to each ge- 
ometry model or each attribution group; 
Fig. 51 is a diagram showing a geometry model and 
a geometry model list displayed on a display device 
204; 

Fig. 52 is a diagram showing an attribution group 
list displayed on the display device 204; 
Fig. 53 is a flowchart for a method used for adding 
an identifier for each set of attribution information; 
Fig. 54 is a diagram showing a program menu for 
the method for adding an identifier for each set of 
attribution information; 

Fig. 55 is a diagram showing attribution information 
to which an identifier has been added; 
Fig. 56 is a diagram showing an area near attribu- 
tion information for which an identifier can be allo- 
cated; 

Fig. 57 is a diagram showing an identifier display 
form; 

Fig. 58 is a flowchart for a method for setting and 
displaying an identifier for each geometry model or 
each attribution group; 

Fig. 59 is a diagram showing a program menu for 
the method for setting and displaying an identifier 
for each geometry model or each attribution group; 
Fig. 60 is a diagram showing the transmission of 
data in a downstream section when a design is 
changed; 

Fig. 61 is a detailed diagram for explaining the 
processing for comparing attribution information 
and for transferring additional information; 
Fig. 62 is a diagram showing the state wherein 
changed attribution information is displayed in cor- 
relation with a CAD model; 

Figs. 63A and 63B are schematic diagrams showing 
the measurement status when a CMM automatic 
measurement instrument is being used; 
Fig. 64 is a diagram showing a 3D model in an op- 
eration plan; 

Fig. 65 is a detailed flowchart for explaining the op- 
eration planning processing; 
Fig. 66 is a diagram showing a 3D model for which 
attribution information is displayed indicating an op- 
eration plan has been missed; and 
Fig. 67 is a diagram showing an example where 
measurement points are added by designating co- 
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ordinates. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0043] One embodiment of the present Invention will 5 
now be described In detail while referring to the accom- 
panying drawings. 

(General processing for metal mold production) 

10 

[0044] Fig. 1 is a flowchart showing the general 
processing performed when the present invention is ap- 
plied for the production of a metal mold for molded parts. 
[0045] In Fig. 1, at step S101 a product is designed 
and design drawings for individual parts are prepared, is 
The design drawings of the parts include required infor- 
mation for the production of parts and limitations. The 
design drawings of the parts are generated by a Com- 
puter Aided Design in 2 Dimension (2D-CAD) or a Com- 
puter Aided Design in 3 Dimension (3D-CAD) system, 20 
and the drawing generated by the 3D-CAD system (3D 
drawing) includes attribution information such as geo- 
metric and dimensional tolerances. The dimensional tol- 
erances can be correlated with the geometry (a plane, 
a ridge line, a point), and is used to instruct the inspec- 25 
tion of a product and to instruct metal mold accuracy. 
[0046] At step S102, the manufacturing, such as the 
assembly or the molding of a product, is studied, and a 
process drawing isgenerated for each part. The process 
drawing for a part includes detailed inspection instruc- 
tions in addition to information required for parts manu- 
facture. A 2D-CAD or a 3D-CAD system is employed to 
generate the process drawing for the part. 
[0047] Example inspection instructions are: 

(1 ) numbering of items to be measured (dimensions 
or dimensional tolerances); and 

(2) an instruction for a measurement point or a 
measurement method for an item to be measured. 

[0048] At step S103, a metal mold is designed based 
on the process drawing (a step drawing and a metal 
mold specification) for the part prepared at step S102, 
and a metal mold drawing is generated. The metal mold 
drawing includes information required for metal mold 
manufacture and a restriction condition. The metal mold 
drawing is generated by a 2D-CAD or a 3D-CAD sys- 
tem, and the metal mold drawing (3D drawing) generat- 
ed by the 3D-CAD system includes attribution informa- 
tion, such as dimensions and dimensional tolerances. 
[0049] At step S1 04 the process for the manufacture 
of the metal mold is studied based on the metal mold 
drawing generated at step S1 03, and a metal mold proc- 
ess drawing is generated. The metal mold manufactur- 
ing process includes NC machining and general ma- 
chining. For the steps of the NC manufacturing (auto- 
matic machining using numerical control), an instruction 
for generating an NC program is issued. For the general 



machining (manual machining), an instruction for per- 
forming the general machining is issued. 
[0050] At step S105, an NC program is generated 
based on the metal mold drawing. 
[0051] At step S106, a machine is used to manufac- 
ture a metal mold part. 

[0052] At step S107, the obtained metal mold part is 
inspected based on the information generated at step 
S103. 

[0053] At step S1 08, metal mold parts are assembled 
to form a mold. 

[0054] At step S109, a part obtained by molding is in- 
spected based on the information generated at steps 
S101 and S102. If the part passes the inspection, the 
processing is thereafter terminated. 
[0055] At step S110, based on the inspection results 
at step S109, a metal mold is corrected for which the 
accuracy of the molded product is insufficient. 

(Product design) 

[0056] An explanation will now be given for the design 
of a product and the generation of a design drawing for 
each part. The design drawing for the part is generated 
using a 2D-CAD or a 3D-CAD system. 
[0057] First, the design of a part will be explained by 
using an information processing apparatus illustrated in 
Fig. 2, e.g., a CAD apparatus. 

[0058] Fig. 2 is a block diagram of a CAD apparatus. 
In Fig. 2, an internal storage medium 201 and an exter- 
nal storage device 202 are semiconductor storage de- 
vices or magnetic storage devices, such as RAMs, for 
storing CAD data and a CAD program. 
[0059] A CPU device 203 performs the processing in 
accordance with a CAD program command. 
[0060] A display device 204 is used to display the ge- 
ometry in accordance with a command received from 
the CPU device 203. 

[0061 ] An input device 205, such as a mouse or a key- 
board, is used to provide an instruction for the CAD pro- 
gram. 

[0062] An output device 206, such as a printer, out- 
puts a drawing sheet in accordance with a command 
received from the CPU device 203. 
[0063] An external connecting device 207 connects 
the CAD apparatus to an external device, supplies data 
received from the CAD apparatus to an external device, 
or permits an external device to control the CAD appa- 
ratus. 

[0064] Fig. 3 is a flowchart showing the processing 
performed by the CAD apparatus in Fig. 2. 
[0065] First, when an operator uses the input device 
205 to enter an instruction to activate the CAD program, 
the CAD program stored in the external storage device 
202 is read into the internal storage medium 201 and is 
executed by the CPU device 203 (step S301). 
[0066] Then, in consequence with instructions inter- 
actively entered by the operator using the input device 



35 



40 



45 



50 



8 



15 



EP 1 233 376 A2 



16 



205, a geometry model, which will be described later, is 
generated in the internal storage medium 201 and is dis- 
played as an image on the display device 204 (step 
S302). Further, when the operator uses the input device 
205 to designate a file name, the previously prepared 
geometry model stored in the external storage device 
202 can be read into the internal storage medium 201 
where it can be handled by the CAD program. 
[0067] The operator employs the input device 205 to 
add, as attribution information, a dimensional tolerance 
to a geometry model (step S303). The added attribution 
information can be displayed as image information, 
such as labels, on the display device 204, and is stored 
in the internal storage medium 201 in correlation with 
the geometry model. 

[0068] To provide total control for the display of the 
attribution information, the operator uses the input de- 
vice 205 to designate a search condition and to provide 
information, which is stored on the internal storage me- 
dium 201 , for the group for the attribution information 
(step S304). For this, the operator can designate a 
group and provide an attribution in advance. In addition, 
the operator can use the input device 205 to register the 
attribution information in a group or to delete it there- 
from. 

[0069] Next, the operator uses the input device 205 
to designate a condition, such as a group, and to exer- 
cise display control, such as the display or non-display 
of attribution information or the colors used for the attri- 
bution information (step S305). Further, for a geometry 
model the operator uses the input device 205 to set up 
a display method, such as a display direction, a magni- 
fication power or the center position of the display. Since 
the display device is designated afterwards, the display 
direction, the magnification and the display center that 
are designated can be used for the display of the geom- 
etry model. Further, since the display method can be 
correlated with the grouped attribution information, 
when the display method is designated, only the corre- 
lated attribution information is displayed. The display 
method is stored on the internal storage medium 201. 
[0070] The attribution information is stored in the ex- 
ternal storage device 202 as instructed by the operator 
(step S306). An identifier may be added to the attribution 
information, and may be stored with the attribution in- 
formation in the external storage device 202. This iden- 
tifier can be used to correlate the attribution information 
with other data. 

[0071] Further, the attribution information can be up- 
dated by reading from the external storage device 202 
to the internal storage medium 201 the information add- 
ed to the attribution information. 

[0072] Next, the operator uses the input device 205 
to store, in the external storage deice 202, a CAD attri- 
bution model obtained by adding the attribution informa- 
tion to the geometry model (step S307). 
[0073] The geometry model and the CAD attribution 
model will now be described. 



[0074] Fig. 4 is a diagram showing an example geom- 
etry model, and Fig. 5 is a conceptual diagram showing 
the correlation of the individual portions that constitute 
the geometry model. 

5 [0075] In Fig. 4, SolidModel is shown as a typical ex- 
ample for the geometry model. As is shown in Fig. 4, the 
SolidModel information is used as an expression meth- 
od whereby CAD is employed to define in a three-di- 
mensional space the geometry of a part, which includes 

10 topological information (Topology) and geometric infor- 
mation (Geometry). As is shown in Fig. 5, the topological 
information for the SolidModel is hierarchically stored on 
the internal storage medium 201, and includes one or 
more than Shell, one or more than Face for one Shell, 

15 one or more than Loop for one Face, one or more than 
Edge for one Loop and two Vertexes for one Edge. 
[0076] Further, Surface information that expresses 
the Face geometry, such as a flat plane or a cylindrical 
plane, is stored on the internal storage medium 201 in 

20 correlation with the Face. Also, Curve information that 
expresses Edge geometry, such as a linear line or an 
arc, is stored on the internal storage medium 201 in cor- 
relation with the Edge. And in addition, the coordinates 
in the three-dimension space are stored on the internal 

25 storage medium 201 in correlation with the Vertexes. 
[0077] For the topological elements of the Shell, the 
Face, the Loop and the Vertex, correlated attribution in- 
formation is stored on the internal storage medium 201 . 
[0078] As an example, the method for storing the 

30 Face information on the internal storage medium 201 
will now be described. 

[0079] Fig. 6 is a conceptual diagram showing the 
method for storing the Face information on the internal 
storage medium 201. 
35 [0080] As is shown in Fig. 6, the Face information in- 
cludes a FaceiD, a pointer to LoopList, which constitutes 
the Face, a pointer to the Surface data, which repre- 
sents the Face geometry, and a pointer to the attribution 
information. 

40 [0081] LoopList is a list of the IDs of all the Loops that 
constitute the Face. The Surface data includes Surface- 
Type and SurfaceParameter, which is consonant with 
SurfaceType. The attribution information includes an at- 
tribution type and an attribution value consonant with the 

45 attribution type, and the attribution information includes 
a pointer to the Face and a pointer to a group to which 
an attribution belongs. 

(Input and display of attribution information for a 3D 
50 model) 

[0082] A detail explanation will now be given for the 
processing for entering attribution information for a 3D 
model, and for displaying a 3D model to which the attri- 
55 bution information is added. 

[0083] Figs. 7 to 11 A and 11 B are diagrams showing 
a 3D model and attribution information, and Figs. 12 to 
14 are flowcharts for the processing for adding attribu- 
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tion information to a 3D model. 

[0084] At step S121 in Fig. 12, a 3D model 1 in Fig. 7 
is generated, and at step S122, a required view is es- 
tablished in order to provide attribution information for 
the 3D model that is generated. 

[0085] The view is used to define conditions concern- 
ing the display of the 3D model 1 that are determined 
by the visual direction, the magnification and the center 
position of a visual line in order to view the 3D model 1 
in (virtual) three-dimensional space. For example, in 
Fig. 7, a view A is determined in the visual direction per- 
pendicular to a plan view in Fig. 28. The magnification 
and the center position of the visual line are determined, 
so that the geometry of the 3D model 1 and almost all 
the attribution information that is provided can be dis- 
played on the screen of the display device. For example, 
in this embodiment, the magnification is 2 and the visual 
center position is determined to be substantially the 
center in the plan view. A view B in the visual direction 
perpendicular to the plan view, and a view C in the visual 
direction perpendicular to the side view are set in the 
same manner. 

[0086] At step S123, the attribution information is en- 
tered, so that it is positioned in the visual direction of 
each view and correlated with the view. Figs. 8, 1 0A and 
11 A are diagrams showing the state wherein attribution 
information is provided for the views A, B and C, and 
Figs. 9, 1 0B and 1 1 B are diagrams showing the 3D mod- 
el 1 as it appears from the views A, B and C and the 
attribution information therefor. 

[0087] The correlation of the views with the attribution 
information may be performed after the attribution infor- 
mation has been entered. For example, as is shown in 
the flowchart in Fig. 1 3, at step S1 31 , the 3D model 1 is 
created, at step S132, the attribution information is en- 
tered, and at step S133, the attribution information is 
correlated with a desired view. Further, the attribution 
information correlated with the view may be corrected 
as needed, i.e., added or deleted. 
[0088] The attribution information may be entered 
while the 3D model 1 is displayed two-dimensionally, 
while being viewed from the individual views. The entry 
of the attribution information can be implemented in the 
same manner as is the process for creating a two-di- 
mensional drawing using so-called 2D-CAD. And as 
needed, the attribution information can be entered while 
the 3D model is displayed three-dimensionally. Since 
the user can enter the attribution information while 
watching the 3D model 1 displayed three-dimensionally, 
erroneous input will not occur and the entry of data will 
be performed efficiently. 

[0089] To read the attribution information for the 3D 
model, at step S141 in Fig. 14, a desired view is select- 
ed, and at step S142, based on the visual direction of 
the selected view, the magnification and the visual cent- 
er, attribution information is displayed that is provided in 
correlation with the geometry of the 3D model and the 
view. At this time, views selectable for the 3D model 1 



are appropriately stored, and icons are displayed on the 
screen, making it possible for a desired view to be easily 
selected. When, for example, the view A, B or C is se- 
lected, a 3D model is displayed in Fig. 9, 10B or 11 B. At 
5 this time, since the attribution information is positioned 
relative to each view, the 3D model can extremely easily 
be seen two-dimensionally. 

(Another method for entering attribution information) 

10 

[0090] In the attribution information entering process- 
ing described above while referring to Figs. 11Aand 11B 
to 14, the attribution information is correlated with the 
individual views. The correlation means is not limited to 

15 this arrangement, however, and the attribution informa- 
tion may be sorted into groups, for example, and the 
groups correlated with the views. 
[0091 ] This process will now be described while refer- 
ring to the flowcharts in Figs. 15 and 16. 

20 [0092] The attribution information input in advance ei- 
ther is sorted into groups selectively or is based on the 
search results, and each group is correlated with an ar- 
bitrary view. As a result, the same results and effects as 
described above can be obtained. Further, when the at- 

25 tribution information is corrected, i.e., is added to a 
group or is deleted therefrom, attribution information 
correlated with the view can be manipulated. 
[0093] That is, the 3D model 1 is generated (step 
S1 51 ), the attribution information is entered (step S1 52), 

30 and the visual direction of the view, the center position 
and the magnification are set for the 3D model 1 (step 
S153). Then, the attribution information input at step 
S152 is assembled into a group, and the selected view 
is correlated with the grouped attribution information 

35 (step S1 54). 

[0094] As is shown in Fig. 16, the view for the display 
is selected (step S161) and the attribution information 
provided for the selected view is displayed (step S162). 

40 (Setting up a plurality of views) 

[0095] An explanation will now be given for the 
processing for setting up a plurality of views with the 
same visual direction orientation. 

45 [0096] Fig. 1 7 is a flowchart for the processing for set- 
ting up a plurality of views with the same visual direction 
orientation. Fig. 18 is a diagram showing a 3D model 
when a plurality of views with the same visual direction 
orientation are to be set up. 

50 [0097] An explanation will be given for a case wherein 
a plurality of views is set up for which the perspective 
direction is that of the front view of the 3D model 1 in 
Fig. 7. 

[0098] The 3D model 1 is created in the above de- 
55 scribed manner (step S 1 71 ) and at step S 1 72 a first view 
D is set up. The visual direction is the perspective direc- 
tion employed for of the front view, the magnification is 
2 and the center position is substantially the center of 
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the front view. Then, the position of the visual line is set. 
The position of the visual line is defined as a position 
from which the 3D model 1 can be seen or displayed in 
the visual direction. The view D is t for example, set up 
at a position 30 mm distant from the exterior of the front 5 
view of the 3D model 1 , and the visual position is aligned 
with the virtual plane D in Fig. 18.lt should be noted that 
so long as a visual position is located outside the 3D 
model 1, it will not cause the display of a perspective 
view (the front view, the plan view, both side views, the 10 
bottom view or the rear view) to be affected by so-called 
trigonometry. 

[0099] At step S173, the attribution information in Fig. 
1 0A is entered in correlation with the view D, so that, as 
is shown in Fig. 1 0B, the 3D model 1 can extremely eas- 15 
ily be viewed two-dimensionally in the direction set for 
the view D. 

[0100] At step S174, a second view E is set up. The 
visual direction is the same as that of the view D, i.e., 
the direction for the front view, the magnification is also 20 
2, and the center position is also set substantially as the 
center of the front view. Then, the visual position is lo- 
cated near the corner of the step-shaped groove of the 
3D model 1 . 

[0101] Next, the visual position is set as the center of 25 
the hole in the 3D model 1. In Fig. 18, the visual position 
is located on the virtual plane E. At this time, the 3D 
model 1 in the direction set for the view E has a cross- 
sectional shape cut along the visual plane E, as is shown 
in Fig. 1 9B. Further, the attribution information is entered 
in correlation with the view E. 

[0102] When the 3D model 1 is moved or rotated 
when the view E is selected, the 3D model 1 can be dis- 
played in three dimensions, as is shown in Fig. 19A. 
[0103] An explanation will now be given for the oper- 
ation performed to change the overall view of the model 
in Fig. 7 into the cross-sectional view, and for confirming 
the attribution information. In some cases, it is difficult 
to identify the position on the model whereat the virtual 
plane correlated with the attribution information is locat- 
ed, and to identify the direction of the visual line. 
[0104] Fig. 20 is a diagram showing an example 
wherein the location of a virtual plane and a visual di- 
rection are indicated. When the entire 3D model is dis- 
played, lines are displayed at the points whereat the 3D 
model and the virtual planes intersect, i.e., at the cross- 
sectional positions. The types of lines used differ from 
those used to represent the ridge lines of the 3D model, 
and are, for example, broken lines, fine lines, or differ- 
ently colored lines. 

[01 05] When a mark indicating the visual direction de- 
fined on the virtual plane and the name of a virtual plane 
are presented near the line, this is a further identification 
help. 

[0106] Fig. 21 A, Fig. 21 B and Fig. 22 are partial de- 
tailed diagrams. 

[0107] An explanation will now be given for the 
processing for confirming the attribution information by 



referring to the cross section in Fig. 21 A. 
[0108] When the attribution information is confirmed 
by referring to the two-dimensional partial detailed draw- 
ing, the other ridge lines are complex and their visibility 
may be deteriorated, as is shown in Fig. 21 B. 
[0109] Thus, as is shown in Fig. 22, for the geometry 
that is not correlated with the displayed attribution infor- 
mation, visibility is improved by changing the method 
used to display the geometry. In Fig. 22, chain lines are 
used to represent the ridge lines of the non-correlated 
geometry. 

[01 10] The display method is not limited to the use of 
chain lines, and different colors or an opaque display 
may be employed. 

[0111] Figs. 23A and 23B are diagrams showing an 
example wherein an area that is displayed is sand- 
wiched between two planes. In Fig. 23A, lines are shown 
indicating the locations whereat two planes intersect the 
3D model, and in Fig. 23B, a 3D model and attribution 
information are shown only for the area sandwiched be- 
tween the two planes. 

[01 12] Since only a desired range is displayed, an op- 
erator can remove unnecessary information, improve 
the visibility, and efficiently perform the operation. 
[0113] According to the embodiment, since the attri- 
bution information can be entered and displayed while 
watching the so-called cross-sectional geometry, the 
portion to which the attribution information is instructed 
can be easily and immediately identified. 
[0114] Further, a plurality of views from which the 
same geometry as that of the 3D model 1 may be seen 
can be employed. Fig. 24 is a diagram showing a view 
F and a view G having the same visual direction, mag- 
nification, center position and visual position. In this ex- 
ample, the views F and G are directed toward the plan 
view of the 3D model 1 . When attribution information is 
grouped and correlated with the views, the entry of at- 
tribution information that can easily be seen can be im- 
plemented. For example, in Fig. 25 the attribution infor- 
mation related to an external dimension is grouped for 
the plan view of the 3D model 1, and in Fig. 26, the at- 
tribution information concerning the position and the 
shape of a hole is grouped. The attribution information 
groups are then correlated with the view F and the view 
G, and since the correlated groups of attribution infor- 
mation are is allocated for the views, the associated at- 
tribution information can be easily seen. 

(Magnification of a view) 

[01 1 5] When a desired magnification of a view is em- 
ployed, complicated geometry or detailed geometry can 
be easily identified. 

[0116] This embodiment is effective for all the 
3D-CAD and 2D-CAD systems, regardless of the hard- 
ware constituting a 3D-CAD apparatus or the method 
used for forming a 3D model. 
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(Location of attribution information) 

[01 1 7] The location of attribution information will now 
be described. 

[01 18] In order to express a 3D model and attribution 5 
information to be added thereto so that they can be eas- 
ily seen as a two-dimensional drawing, an operator se- 
lects or groups a plurality of attribution information for 
the portion of a 3D model to be expressed, and corre- 
lates the attribution information with the attribution alio- 10 
cation plane. So long as a two-dimensional drawing 
method is employed, the attribution information need 
only be allocated in an area in the visual direction of the 
correlated attribution allocation plane. However, for a 
so-called "3D drawing" where attribution information is 15 
added to a 3D model, some devices are required to sat- 
isfactorily demonstrate the merits of the 3D model. 
[0119] In this case, as well as the view, the attribution 
allocation plane is used to define a condition concerning 
the display of the 3D model 1 and the attribution infor- 20 
mation that is added to the 3D model 1 . In this embod- 
iment, the attribution allocation plane is defined as the 
position of a point (hereinafter referred to as a visual 
line) in a (virtual) three-dimensional space and the nor- 
mal direction (visual direction) of a plane to be generat- 
ed. Further, the attribution allocation plane includes in- 
formation for the display magnification (hereinafter re- 
ferred to simply as a magnification) of the 3D model 1 
and the attribution information added to the 3D model. 
The visual line is defined as a position from which the 
3D model 1 can be seen, i.e., is displayed in the visual 
direction. 

[0120] One of the merits of the 3D model 1 is that, 
since the 3D model 1 can be three-dimensionally ex- 
pressed on a display screen so its appearance is near 
that of the real object, the process (conventionally per- 
formed mainly in the mind of the operator) for the trans- 
formation from two dimensions to three dimensions, 
which is required for the preparation of a two-dimension- 
al drawing, is not required for an operator who prepares 
a 3D model or an operator (a step designer, a metal mold 
designer/manufacturer, a measurer, etc.) who performs 
the next step using the 3D model. This transformation 
process depends greatly on the skill of the operator, and 
accordingly, erroneous transformations and the loss of 
transformation time occur. 

[0121] In order to prevent the loss of the merit of the 
3D model 1 represented by the three-dimensional ex- 
pression of a model in a 3D drawing, certain devices are 
required'for the three-dimensional display of attribution 
information (the location of attribution information). 
[0122] A point to be contrived will now be described 
while referring to Figs. 30A to 30D. 
[0123] Fig. 30A is a perspective view of a 3D model 
2 used for the explanation. Fig. 30B is a plan view of the 
3D model 2. Fig. 30C is a perspective view for explaining 
the state wherein attribution information is added to the 
3D model 2 without an allocation system being devised. 



Fig. 30D is a perspective view of the attribution informa- 
tion for which an allocation system has been devised. 
[0124] First, an attribution allocation plane 218 is pre- 
pared and attribution information is entered in order to 
generate a two-dimensional plan view for the 3D model 
2. The state wherein the 3D model 2 is displayed along 
the visual line of the attribution allocation plane 218 is 
shown in Fig. 30B. 

[0125] When a plurality of attribution information allo- 
cation planes are alternately arranged as is shown in 
Fig. 30C in order to input attribution information, the at- 
tribution information sets are overlapped and it is difficult 
to identify the contents of the attribution information. 
Since as in Fig. 30C the contents of the attribution infor- 
mation are not easily seen even when only a small 
number of attributions is provided, it is easily assumed 
that, for a more complicated geometry, the attribution 
information will not be effective and that it will not be 
possible to establish the perspective state as a drawing. 
[0126] However, when as is shown in Fig. 30D the at- 
tribution information sets are allocated on the same 
plane, the attribution information sets do not overlap 
each other and can be easily identified, as in the repre- 
sentation of the two-dimensional drawing in Fig. 30B. 
[0127] In this manner, when the attribution information 
is added to the 3D model, as in the two-dimensional rep- 
resentation, the attribution information can be easily 
identified, while the merit of the 3D model, i.e., the three- 
dimensional representation, is employed. Thus, the ob- 
tained drawing can be used as a three-dimensional 
drawing. 

[0128] Further, it is preferable that the plane whereon 
attribution information is to be allocated be the same 
plane as the attribution allocation plane. 
[0129] In this example, a simple 3D model has been 
employed; however, when a more complicated 3D mod- 
el is handled, a plurality of attribution allocation planes 
must be set in the same visual direction. 
[01 30] Assume that a plurality of attribution allocation 
planes and correlated attribution information are dis- 
played together in order to select a desired attribution 
allocation plane or desired attribution information. 
[0131] In this case, if the face whereon the attribution 
information is allocated is at a distance from the attribu- 
tion allocation plane, the correlation of the attribution in- 
formation and the attribution allocation plane is not eas- 
ily perceived, and the attribution allocation plane or the 
attribution information may be erroneously selected. In 
order to prevent such an erroneous selection and make 
it easy to visually perceive the correlation, the attribution 
information should be allocated on the same plane as 
the attribution allocation plane. 

[0132] Further, to generate the attribution allocation 
plane in the same visual direction as explained while re- 
ferring to Fig. 24, a plurality of attribution allocation 
planes should be allocated in the same visual direction. 
When the attribution allocation planes and the correlat- 
ed attribution information are displayed at the same 
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time, and when the attribution allocation planes are gen- 
erated on the same face, the face on which the attribu- 
tion information is allocated is also on the same plane, 
the attribution information sets are overlapped and not 
easily identified, not only in the visual direction, but also 5 
in an oblique direction shifted away from the visual di- 
rection. Originally, because a large number of attribution 
information sets are provided in one direction, the attri- 
bution information sets are allocated for a plurality of at- 
tribution allocation planes, so that the overlapping of at- 10 
tribution information sets can not be avoided when they 
are displayed at the same time. 

[0133] Even when no means is available to resolve 
the problem that attribution information can not easily 
be seen in the visual direction, arranging the attribution 15 
allocation planes at a distance in the same visual direc- 
tion is an effective means for easily identifying the attri- 
bution information in the perspective state. 

(Magnification) 

[01 34] A magnification will now be described. 
[0135] When the attribution allocation plane is dis- 
played at a desired magnification, a complicated or a 
detailed shape can more easily be seen. 
[0136] Figs. 31 A to 31 C are diagrams showing the 
state wherein the 3D model 1 is partially enlarged and 
displayed. As is shown in Fig. 31A, while the visual di- 
rection of the 3D model 1 is oriented toward the plan 
view, the visual line position is set near the corner and 
the magnification is set to 5, the attribution allocation 
plane 21 7 is provided for the 3D model 1 , and the step- 
shape and the attribution information can be displayed 
so they are easily understood (Fig. 31 B). In this case, 
all the attribution information sets correlated with the at- 
tribution allocation plane are allocated in a frame 217a, 
and the attribution allocation plane 217 corresponds to 
a so-called local perspective view. Merely by watching 
the frame 217a, all the correlated attribution information 
can be seen, and no examination need be made to de- 
termine whether the attribution information for the 3D 
model is present outside the frame 21 7a. As a result, an 
efficient operation can be performed. 
[0137] This embodiment is effective for all 3D-CAD 
and 2D-CAD systems, regardless of the hardware con- 
stituting a 3D-CAD apparatus or the method used to 
form a 3D model. 

(Selection of a plurality of attribution allocation planes) 

[01 38] The selection of a plurality of attribution alloca- 
tion planes will now be described. 
[01 39] In this embodiment, to display attribution infor- 
mation correlated with an attribution allocation plane, 
only one attribution allocation plane is selected. Howev- 
er, while taking into account the object of the present 
invention, a plurality of attribution allocation planes may 
be selected. 



[0140] Since there is only one visual position and one 
visual direction when a single attribution allocation plane 
is selected, only one display method is employed for the 
display device. When a plurality of attribution allocation 
planes are selected, a plurality of display methods must 
be employed, so that some display means is required. 
For example, all the attribution information correlated 
with a plurality of selected attribution allocation planes 
may be displayed, and the setting for a specific attribu- 
tion allocation plane can be selected and used for the 
visual position and the visual direction. 
[0141] Further, the attribution information can be dis- 
played by using a different color for each correlation at- 
tribution allocation plane, so that different attribution in- 
formation groups can be easily identified. 

(Horizontal or vertical setting of an attribution allocation 
plane) 

[0142] An explanation will now be given for the hori- 
zontal or vertical setting of an attribute allocation plane. 
[0143] Thus far, only the setting of the visual position, 
the visual direction and the magnification according to 
the present invention has been explained, and no ex- 
planation has been given for the horizontal or vertical 
setting of the attribution allocation plane. 
[0144] In the two-dimensional drawing, rules are pro- 
vided for the allocation of views (a plan view, a front view 
and a side view) obtained in the individual visual direc- 
tions in Fig. 32. This is because the positional relation- 
ship viewed in each visual direction must be easily un- 
derstood in order to represent the actual three-dimen- 
sional geometry on a two-dimensional plane. 
[0145] For the 3D drawing, whereat the attribution in- 
formation is added to the 3D model, it is possible to pro- 
vide not only the two-dimensional representations (Figs. 
9, 10B and 11B) viewed in the direction perpendicular 
to the external face of the 3D model, but also the three- 
dimensional representations (Figs. 10A and 11 A) that 
are viewed in the oblique direction by rotating the 3D 
model in the two-dimensional state. 
[0146] Therefore, in the three-dimensional represen- 
tation, the horizontal or vertical direction (it is assumed 
that the horizontal and vertical directions match the cor- 
responding directions on the display screen) of the at- 
tribution allocation plane need not be specifically de- 
fined in order to display the plan view, the front view and 
the side view. So long as the 3D model and the attribu- 
tion information attached thereto are correctly ex- 
pressed, all the representations in Figs. 33A to 33E can 
be correct representations. Further, when the 3D model 
is rotated slightly, the 3D model can be displayed three- 
dimensionally, and it is easy to identify in what part of 
the 3D model the currently displayed portion is located, 
and to easily understand the plan view and the side view 
taken in another visual direction. Thus, no special prob- 
lem is encountered when the 3D model is displayed in 
the horizontal or vertical direction of the attribution allo- 
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cation plane without taking into account the positional 
relationship of the visual directions. 
[0147] However, in the three-dimensional drawing 
wherein attribution information is added to the 3D mod- 
el, not all the operator conditions can be such that the 
operators can be freely rotated to display a 3D model. 
This is because there are some offices that do not re- 
quire that a 3D drawing be corrected, and that need only 
store and read, as digital data, the two-dimensional im- 
age data displayed on each attribution allocation plane. 
Furthermore, there are also offices that can cope with 
only conventional paper drawings. 
[0148] On this assumption, a rule used for the two- 
dimensional drawing must be employed for the display 
viewed in each visual direction. 

[0149] Thus, before generating the attribution alloca- 
tion plane, the horizontal or vertical direction for the dis- 
play of the 3D model on the display device 204 must be 
set. 

[0150] Fig. 34 is a flowchart for this process. 
[0151] First, a 3D model is created (step S3001). 
[0152] Then, the visual position, the visual direction 
and the magnification for the 3D model are set, and the 
attribution allocation plane is generated (step S3002). 
[0153] The horizontal direction (or the vertical direc- 
tion) of the attribution allocation plane is designated 
(step S3003). For this designation, the three axial direc- 
tions (X, Y and Z) present in the (virtual) three-dimen- 
sional space may be selected, or the direction of the 
ridge line of the 3D model or the vertical direction of the 
plane of the 3D model may be selected. 
[0154] When the horizontal direction (or the vertical 
direction) of the attribution allocation plane is designat- 
ed, the positions whereat the 3D model and the attribu- 
tion information are displayed are determined by select- 
ing the attribution allocation plane. 
[0155] To create another attribution allocation plane, 
the horizontal direction (or the vertical direction) need 
only be designated while maintaining the visual direction 
of the created attribution allocation plane. 

(Categorization of each plan for measuring attribution 
information) 

[01 56] An explanation will now be given for the back- 
ground wherefor, according to this invention, attribution 
information such as dimensions is categorized and 
groups are formed. 

[0157] In the molded product inspection step at S109 
in Fig. 1, a portion of the 3D model is measured using 
several measurement instruments, while referring to at- 
tribution information, such as a dimension and a dimen- 
sional tolerance, that is added to the 3D model or the 
drawing. The type of measurement instrument used is 
a three-dimensional measurement instrument, such as 
a CMM, or a micrometer or a microscope, that is man- 
ually operated by an operator. 

[0158] The targeted portion is measured by referring 



to attribution information, such as a dimension, that is 
added to the 3D model or the drawing. 
[0159] Parts to be measured have three dimensions, 
and are measured in every direction, or in an arbitrarily 
5 selected direction, depending on the portion to be meas- 
ured. 

[0160] Therefore, when an automatic measurement 
instrument, such as a CMM, is used for the measure- 
ment, a tool is used to fix the parts to be measured to 
10 the table of the instrument in several directions. 

[01 61] Guidelines established for the positioning of a 
part in each measurement direction and the settings for 
specific measurement instruments are called measure- 
ment plans. 

15 [0162] An explanation will now be given, while refer- 
ring to Fig. 37, for measurement plan categorization 
means and measurement navigation means according 
to the embodiment. 

[01 63] At step S371 , the attribution information added 
20 to the 3D model or the drawing is categorized for indi- 
vidual measurement plans. In this process, as is ex- 
plained while referring to Fig. 2, the operator employs 
the input device 205 to select desired attribution infor- 
mation from among that displayed on the display device 
25 204, and to categorize it while providing a group name. 
[0164] The selected attribution information may also 
be added to or deleted from a conventional group. 
[0165] Furthermore, the categorized group informa- 
tion can be stored in the external storage device 202 in 
30 Fig. 2, such as a hard disk, or in a different information 
processing apparatus via an external connecting device 
207, such as a network, so that the group information 
can be read by different information processing appara- 
tuses. 

35 [0166] In addition, a plurality of groups can be pre- 
pared for measurement plans, and therefore, in the fol- 
lowing explanation it is assumed that plan A and plan B 
have been are'generated. 

[0167] A measurement operator a positions a target 
40 part on a measurement instrument as in plan A, and a 
measurement operator b positions a target part on the 
measurement instrument as in plan B. This operation 
can be performed in parallel by preparing a plurality of 
parts to be measured. 
45 [0168] This process is performed following the prod- 
uct design step S102 in Fig. 1 and before the molded 
product inspection step S109. 

[01 69] At step S373a, only attribution information cat- 
egorized for plan A is displayed on the display device 
50 204 in Fig. 2, and while referring to plan A, the operator 
measures the target part, or performs the measurement 
teaching. 

[0170] As another display method, attribution infor- 
mation categorized for plan A can be displayed in order 
55 on the display device 204. 

[0171] With this method, even when there are many 
attribution information sets it is easy to identify the por- 
tion to be measured and to reduce omissions, such as 
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the entry of measurements. 

[01 72] At step S373b t only attribution information cat- 
egorized for plan B is displayed on the display device 
204 in Fig. 2. While referring to plan B, the operator 
measures the target part, or performs the measurement 5 
teaching. 

[0173] Since the operator efficiently refers to the attri- 
bution information pertinent to the plan, the occurrence 
of human errors, such as measurement omissions or 
measurement overlapping, can be reduced. 10 
[0174] In this explanation, this embodiment has been 
employed for the molded product inspection processing; 
however, the embodiment can be applied for the metal 
mold inspection step S1 07, and the same effects can be 
obtained. 15 
[0175] Furthermore, this embodiment can also be ap- 
plied for a case wherein the attribution information must 
be repetitively referred to during an operation that re- 
quires several plans. Therefore, the planning process 
can be performed in advance and referring to attribution 20 
information can be performed efficiently. 

(Method for displaying attribution information) 

[01 76] A method for displaying attribution information 25 
will now be described. 

[0177] In the explanation given for the embodiment, 
as a method for selectively displaying attribution infor- 
mation entered for the 3D model, first, an attribution al- 
location plane is selected, and then, attribution informa- 
tion correlated with the attribution allocation plane is dis- 
played as needed. The embodiment is not limited to this 
method, however. As another effective method, attribu- 
tion information is selected, and the 3D model and the 
attribution information are displayed at the visual posi- 
tion, in the visual direction and at the magnification for 
the attribution allocation plane correlated with the attri- 
bution information. 

[0178] Fig. 35 is a flowchart showing the processing 
sequence for the selection and display of attribution in- 
formation. 

[0179] When the 3D model and the attribution infor- 
mation in the plan view in Fig. 8 are displayed, a cylin- 
drical projection $ 15±0.05 is selected (step S311). 
[0180] The 3D model and the attribution information 
correlated with the attribution allocation plane 211 are 
displayed based on the visual position, the visual direc- 
tion and the magnification that are set for the attribution 
allocation plane 211 (step S312). In this case, the front 
view in Fig. 9 is displayed. 

[01 81] Therefore, since the relationship of the select- 
ed attribution information and the 3D model is displayed 
two-dimensionally, the relationship can be easily identi- 
fied. 

* Plane selection method 

[01 82] In this embodiment, as a method for selectively 



displaying attribution information entered for the 3D 
model, first, an attribution allocation plane or attribution 
information is selected, and then, the attribution infor- 
mation correlated with the attribution allocation plane is 
displayed as needed, based on the setting for the at- 
tribute allocation plane. The embodiment is not limited 
to this method, however. As another effective method, 
the geometric information (Geometry) for the 3D model 
is selected, the attribution information correlated with 
the geometric information is displayed, and the 3D mod- 
el and the attribution information are displayed at the 
visual position, in the visual direction and at the magni- 
fication for the attribution allocation plane correlated 
with the attribution information. 

[0183] Fig. 36 is a flowchart showing the processing 
sequence for the selection and the display of attribution 
information. 

[01 84] Geometric information (ridge lines, planes and 
vertexes) for the 3D model is selected (step S321). 
[0185] Attribution information correlated with the se- 
lected geometric information is then displayed (step 
S322). 

[0186] When there is a plurality of correlated attribu- 
tion information sets, all of them may be displayed. Fur- 
ther, ail the attribution information belonging to attribu- 
tion information planes with which attribution informa- 
tion is correlated may be displayed. 
[01 87] Next, the 3D model and the attribution informa- 
tion are displayed based on the visual position, the vis- 
ual direction and the magnification (the horizontal direc- 
tion of the attribution allocation plane) of the attribution 
allocation plane correlated with the displayed attribution 
information. At this time, when a plurality of attribution 
allocation planes are to be selected, the operator is per- 
mitted to select the planes that are to be displayed. 
[01 88] Since correlated attribution information can be 
searched for and displayed using the geometry of the 
3D model as a key, this is a very practical method. 

* Selection of geometric information — > display of cor- 
related attribution information (single set) — > display 
of attribution information at a position on a correlat- 
ed attribution allocation plane. 

* Selection of geometric information — » display of cor- 
related attribution information (single set). Display 
all the attribution information correlated with an at- 
tribution allocation plane. 

* Selection of geometric information -> display of cor- 
related attribution information (multiple sets) —> dis- 
play of attribution information sets at positions on a 
single correlated attribution allocation plane. 

* Selection of geometric information — > display of cor- 
related attribution information (multiple sets). Dis- 
play all the attribution information sets correlated 
with attribution allocation planes. 

* Selection of geometric information -> display of cor- 
related attribution information (multiple sets) -> dis- 
play of attribution information sets at positions on 
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multiple correlated attribution allocation planes. 
* Selection of geometric information -> display of cor- 
related attribution information (multiple sets). Dis- 
play all the attribution information sets correlated 
with attribution allocation planes. 

(Display) 

[0189] An explanation will now be given for the 
processing for displaying a 3D model to which the thus 
generated attribution information is added. 
[0190] Data for a 3D model, to which the attribution 
information prepared by the information processing ap- 
paratus in Fig. 1 is added, can be transmitted by the in- 
formation processing apparatus directly or via an exter- 
nal connecting device, and can be displayed by another 
information processing apparatus, as in Fig. 2, at the 
steps in Fig. 1. 

[0191] First, an operator, a design engineer who de- 
signs products/units/parts, displays a generated 3D 
model in the manner shown in Figs. 9, 10B and 11 B, so 
that new attribution information can be added to a 3D 
model as though a two-dimensional drawing was being 
prepared. For example, when the shape of a 3D model 
is complicated, as needed, the three-dimensional rep- 
resentation and the two-dimensional representation for 
the 3D model are alternately displayed, or are displayed 
on the same plane. Thus, desired attribution information 
can be entered efficiently and accurately. 
[0192] Further, an operator who is to examine/ap- 
prove the generated 3D model displays and examines 
it by displaying the representations of the 3D model 
shown in Figs. 9, 10B and 11 B on the same plane or 
alternately. Then, marks or symbols indicating "inspect- 
ed", "OK", "NG", "suspended" and "re-examination re- 
quired", or attribution information, such as coloring, are 
added. In this case, it is natural for the operator to ex- 
amine the 3D model by, as needed, comparing it with or 
referring to a plurality of products/units/parts. 
[0193] Furthermore, a design engineer or a designer 
other than the creator of a 3D model may refer to the 
generated 3D model to design another product/unit/ 
part. By referring to the 3D model, it is easy to appre- 
hend the intent of the creator or the design method. 
[0194] Further, when preparing a 3D model for use in 
manufacturing, an operator can add to it required infor- 
mation or attribution information. In this case, the oper- 
ator is an engineer tasked with setting up the processing 
for the manufacture of products/units/parts. The opera- 
tor instructs the use of a process type and tools, or adds 
corners R or the chamfering of ridge lines, angular por- 
tions or corners that is required for the machining of the 
3D model. Either this, or the operator instructs a meas- 
urement method to be used for a dimension or a dimen- 
sional tolerance, adds measurement points to a 3D 
model, or enters measurement notes. The operator can 
efficiently perform this operation by referring to the rep- 
resentations shown in Figs. 10B and 11B, which are 



easy to apprehend visually, and by, as needed, confirm- 
ing the geometry three-dimensionally. 
[0195] An operator can obtain information required for 
a desired preparation from the 3D model or the attribu- 

5 tion information. In this case, the operator is a design 
engineer tasked with designing metal molds, tools and 
various types of devices required for manufacturing the 
3D model. The operator apprehends the shape of the 
3D model by referring to its representation in three-di- 

10 mensional space, and extracts required information, 
which is easily perceived visually, from the representa- 
tions shown in Figs. 9, 10B and 11 B. Then, based on 
the attribution information, the operator designs metal 
molds, tools and devices. When, for example, the oper- 

15 ator is a metal mold designer, based on the 3D model 
and the attribution information, the operator designs 
metal molds by examining their structure, and adds, as 
needed, the corners R and the chamfering to ridge lines, 
angular portions and corners that are required for the 

20 manufacture of metal molds. Further, when a metal mold 
is a resin injection molded type, the operator adds a draft 
angle required for the molding of the 3D model. 
[0196] Furthermore, an operator who is responsible 
for the manufacture of products/units/parts can also em- 

25 ploy this embodiment. In this case, the operator will be 
a product/unit/part machining or assembly engineer. 
While referring to the representations in Figs. 9, 1 0B and 
11 B, which are easily apprehended visually, and, as 
needed, confirming the shape three-dimensionally, the 

30 operator efficiently and accurately obtains the measure- 
ment method used for dimensions or dimension toler- 
ances, the measurement points and the notes provided 
for the measurements and begins to perform the inspec- 
tion, measurement and evaluation operation. Then, 

35 again as needed , the operator can add to the 3D model, 
as attribution information, the inspection, measurement 
and evaluation results that are thus provided. The oper- 
ation can provide, for example, measurement results 
corresponding to the dimensions. In addition, the oper- 

40 ator enters marks or symbols for the attribution informa- 
tion or for portions of the 3D model for which the dimen- 
sional tolerances are exceeded, or to indicate defects, 
such as scratches. Further, in addition to the examina- 
tion results, marks or symbols indicting "inspected", 

45 "measured" and "evaluated" or coloring may be provid- 
ed. 

[01 97] Moreover, an operator who works for a depart- 
ment, or is responsible for the manufacture of products/ 
units/parts can employ this embodiment. In this case, 

50 the operator is a person tasked with analyzing manufac- 
turing costs, a person responsible for the ordering of 
products/units/parts or various associated parts, or a 
person charged with overseeing the creation of opera- 
tion manuals or the preparation of packing materials for 

55 products/units/parts. In this case, also while referring to 
the 3D model three dimensionally, the operator can eas- 
ily apprehend the shape of a product/unit/part, and can 
efficiently perform his or her job by referring to the rep- 



16 



31 



EP 1 233 376 A2 



32 



resentations in Figs. 9, 10B and 11 B, which are easily 
perceived visually. 

(Input an inspection instruction) 

[0198] An inspection instruction will now be de- 
scribed. 

[0199] As is described above, in order to inspect a 
produced metal mold or part, a 3D model is displayed 
for which dimensions have previously been allocated. 
[0200] During this processing, attribution information 
is entered for an attribution allocation plane that was 
previously designated so that a position to be inspected 
is clearly displayed. 

[0201] Specifically, a 3D model is formed, and the se- 
quential inspection order, the positions to be inspected 
and the inspection entries for planes, lines and ridge 
lines are input. By conducting the inspection in the order 
designated, the number of inspection steps is reduced. 
[0202] First, the entries and positions to be inspected 
are entered and the overall display is presented. Then, 
using a predetermined method, the inspection order is 
assigned for the individual entries. For an actual inspec- 
tion, an attribution allocation plane is selected by des- 
ignating the inspection order (the instructed order is 
stored on the storage medium 201), and on the attribu- 
tion allocation plane, in order to clearly identify the in- 
spection positions, faces at the positions to be inspected 
are displayed in different forms (different colors). 
[0203] Then, the inspection results provided and 
whether re-molding is required are input for the individ- 
ual designated inspection entries. 
[0204] As is described above, according to the em- 
bodiment, an easy to see screen can be obtained by 
performing a simple operation for which attribution allo- 
cation planes and attribution information are used. Fur- 
ther, the relationship between the visual direction and 
the attribution information can also be perceived at a 
glance. Furthermore, since dimensional values are in- 
put in advance, erroneous readings, the result of oper- 
ator manipulation errors, can be reduced. 
[0205] In addition, since only information correlated 
with the visual direction can be read, required informa- 
tion can be easily obtained. 

[0206] Moreover, since a large amount of attribution 
information in the same visual direction is allocated to a 
plurality of attribution allocation planes, an easy to see 
screen can be presented, and required information can 
be easily obtained. 

[0207] Also, since an attribution allocation plane is set 
inside the 3D model, i.e., in its cross section, correlated 
attribution information can be displayed so that it is eas- 
ily understood. 

[0208] Since the size of attribution information is 
changed in accordance with the display magnification 
for the attribution allocation plane, the attribution infor- 
mation can be appropriately represented so it can be 
identified easily. 



[0209] Further, since the attribution information is pro- 
vided on the attribution allocation plane, it can be read 
even from a three-dimensional oblique view of the 3D 
model. 

.5 [0210] Furthermore, since by using the attribution in- 
formation as a key the attribution allocation plane can 
be searched and only information correlated with the at- 
tribution allocation plane can be read, required informa- 
tion can be easily obtained. 

10 [0211] And in addition, since by using the geometric 
information as a key the attribution information and the 
attribution allocation plane can be searched for and only 
information correlated with the attribution allocation in- 
formation can be read, required information can be eas- 
ts i|y obtained. 

[0212] As is described above, according to the em- 
bodiment, as the first effect attribution information, such 
as a dimension, is categorized by the information 
processing apparatus, and the obtained results are 

20 stored and read. Thus, since the dimensions are cate- 
gorized only once, in advance, the processing time can 
be reduced compared with the conventional case, 
wherein repetitive categorization is performed each time 
a measurement is made. 

25 [0213] In addition, while conventionally the categori- 
zation process is performed following the measurement 
of an object, such as a molded product or a metal mold, 
attribution information, such as a dimension, is catego- 
rized for each measurement instrument or each plan be- 

30 fore the object to be measured is produced by the infor- 
mation processing apparatus. Thus, the categorization 
process can be performed early, and the inspection 
process time required following the production of the ob- 
ject to be measured can be reduced. 

35 [0214] As the second effect, since attribution informa- 
tion, such as a dimension, is categorized in advance for 
each measurement instrument or each plan, the meas- 
urement processes that conventionally are sequentially 
performed can be performed in parallel. For example, 

40 whereas conventionally a measurement is obtained by 
using a three-dimensional measurement instrument, 
such as a CMM, and by then using a microscope and a 
micrometer, a measurement can be obtained by using 
these measurement instruments simultaneously. 

45 [021 5] As the third effect, attribution information is cat- 
egorized by the information processing apparatus, or 
the process state is read from the storage device, and 
the attribution information, such as dimensions, is dis- 
played in order, so that within a short period of time the 

so measurement process can be performed and the attri- 
bution information apprehended. 
[0216] As the fourth effect, attribution information is 
categorized by the information processing apparatus, or 
the process state is read from the storage device and 

55 the attribution information, such as dimensions, is dis- 
played in order, so that human errors can be suppressed 
and the number of backtracking steps reduced. 
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(Mold inspection processing) 

[0217] Fig. 38 is a flowchart showing the processing 
performed when the present invention is employed for 
mold inspection. 5 
[0218] At step S381 in Fig. 38, attribution information 
is designated and a unique identifier is automatically 
added to it. During this processing, instead of inputting 
an identifier for the designated attribution information, 
an attribution information group is correlated with a view, 10 
or an arbitrary attribution information group, or parts of 
it, defined at S304 in Fig. 3 may be designated and iden- 
tifiers collectively added in the order represented by 
designated numbers. 

[0219] In addition, when at step S1 32 attribution infor- 15 
mation for a 3D model is input, a unique identifier may 
be added. 

[0220] An added identifier is stored on the internal 
storage medium 201 or in the external storage device 
202 as an attribution value for the attribution information 20 
in Fig. 6. 

[0221] Fig. 39 is a diagram showing an example 
wherein an added identifier is located near the attribu- 
tion information displayed on the display device 204. An 
identifier 191 is displayed near the attribution informa- 
tion by enclosing it within a circle or a square. Since the 
identifier is enclosed within a circle or a square, it can 
be easily distinguished from the other attribution values. 
[0222] At step S382, attribution information is catego- 
rized for each measurement plan. 
[0223] The measurement planning will now be de- 
scribed. 

[0224] A part to be measured has a 3D geometry, and 
is to be measured in every direction or in an arbitrary 
direction, depending on the measurement positions. 
When an automatic measurement instrument, such as 
a CMM, is employed, the measurement process is con- 
ducted by using a tool to fix a target part to the table of 
the instrument. 

[0225] The process for categorizing a dimension for 
each measurement direction using an automatic meas- 
urement instrument, or the process for categorizing a 
dimension manually measured using a micrometer, is 
called measurement planning. 

[0226] This step S382 is performed when dimensions 
to be categorized are grouped at step S3 04. 
[0227] The attribution information groups are ar- 
ranged following Group List in Fig. 6 and stored on the 
internal storage medium 201 or in the external storage 
device 202. 

[0228] At step S383, measurement points are desig- 
nated for attribution information. 

[0229] For attribution information, such as dimen- 
sions, points that an operator uses as measurement in- 
dexes can be designated in advance on a CAD model. 
By referring to the information for a measurement point, 
a measurement path program for an automatic meas- 
urement instrument, such as a CMM, can also be gen- 



erated. 

[0230] The input device 205, such as a mouse, is used 
to enter the measurement points for a 3D model dis- 
played on the display device 204. The input measure- 
ment points are stored as attribution values for the attri- 
bution information on the internal storage medium 201 
or in the external storage device 202. 
[0231] Fig. 40 is a diagram showing an example 
wherein measurement points displayed on the display 
device 204 are correlated with the 3D model and the 
attribution information. 

[0232] Measurement points 401 are examples dis- 
played on the display device 204, as are point IDs 402. 
Identifiers unique to individual information attribution in- 
formation are also added to the measurement points as 
point IDs 402. As is shown in Fig. 40, the point IDs 402 
on the display device 204 are displayed near the meas- 
urement points 401. 

[0233] At step S384, a part or a group is designated 
for measurement planning, and measurement data is 
output to the external storage device 202. 
[0234] Fig. 41 is a diagram showing examples of the 
measurement data that is output. 
[0235] The measurement data entries are an identifi- 
er, a measurement point ID, the coordinates of a meas- 
urement point, a design value, a tolerance upper limit, 
a tolerance lower limit, a measured value and other in- 
formation. 

[0236] While referring to information that, for each at- 
tribution information set, is stored on the internal storage 
medium 201, or in the external storage device 202, as 
an attribution value for attribution information, the above 
described data entries are output as the table in Fig. 41 . 
[0237] When the attribution information includes a 
plurality of measurement points, the above data are out- 
put for each measurement point. 

[0238] When measurement data having a table form 
are output to the external storage device 202, the data 
collection operation can be automated by referring to 
measurement data output by another application. 
[0239] When measurement data that include the co- 
ordinates of a measurement point are output, a coordi- 
nate system can also be designated. 
[0240] At step S385, when a part or a group for an 
operation plan is designated as is shown in Fig. 42, to 
distinguish between ridge lines and points on the 3D 
model, indicating portions to be measured, and attribu- 
tion information, such as dimensions, that are displayed 
on the display device 204, different display colors are 
used. 

[0241] While referring to the 3D model on the display 
device 204, the measurement operator can generate a 
measurement program for a CMM, or can employ a 
manual measurement instrument, such as a vernier cal- 
iper or a gauge. 

[0242] The measurement results can be input to the 
table in Fig. 41. 

[0243] The process at step S385 will be further ex- 
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plained while referring to Figs. 42 and 43. 
[0244] At step S431 in Fig. 43, a part or an attribution 
information group is designated for which measurement 
navigation is to be performed. For this process, a menu 
421 in Fig. 42 that is displayed on the display device 204 5 
is employed for the interactive designation of the desig- 
nated part or attribution information group. 
[0245] When the part or the group is designated for 
the measurement navigation, at step S432 the first 
measurement portion is displayed on the display device 10 
204. 

[0246] An example 423 for teaching the measurement 
portion is shown in Fig. 42. 

[0247] As is shown in Fig. 42, the attribution informa- 
tion to be measured is highlighted with the identifier, and is 
can be easily distinguished from other attribution infor- 
mation. 

[0248] Further, since a color differing from the color of 
a CAD model is used to display the face of the model 
that is to be measured, an operator can identify the por- 
tion that is to be measured. 

[0249] Further, when a measurement point is present 
on the face to be measured, an identifier for the meas- 
urement point can be displayed near the portion of the 
face whereat the measurement point is defined, and the 
point to be measured can be taught the operator. 
[0250] When no teaching attribution information is 
present for the designated part or attribution information 
group, information indicating "there is no teaching attri- 
bution information" is output to the display device 204, 
and program control returns to step S431 . Then, another 
part or another attribution information group can be se- 
lected. 

[0251] At step S433, a check is performed to deter- 
mine whether there is attribution information for teach- 
ing the next measurement. A "teaching flag", which is 
one of attribution values for the attribution information 
shown in Fig. 6, is used to indicate whether the teaching 
has been accomplished and is stored, for each attribu- 
tion information set, on the internal storage medium 201 
or in the external storage device 202. When the attribu- 
tion information is added, a value of "0", indicating pre- 
teaching, is set as the initial value for the "teaching flag". 
And when the teaching has been accomplished, a value 
of "1", indicating that the teaching has been accom- 
plished, is set as the value for the "teaching flag" for the 
pertinent attribution information. Thus, when by refer- 
ring to the "teaching flag" for the attribution information 
for the designated part or of the designated group, attri- 
bution information having a value "0" is found to be 
present, it is ascertained that attribution information is 
available for the teaching of the next measurement. 
[0252] And when it is ascertained at step S433 that 
attribution information for teaching the next measure- 
ment is available, at step S434 a state (active) is set in 
which the "next page" button on the menu 421 in Fig. 42 
can be selected. The operator can then use an input de- 
vice 205, such as a mouse, to select the "next page" 



button so that an instruction is issued for the display of 
the attribution information for the next measurement. 
[0253] Since the state is provided wherein the "next 
page" button can be selected on the menu 421 , the op- 
erator can ascertain that attribution information to be 
measured remains. As a result, an inspection omission 
can be suppressed, and the time loss attributable to 
backtracking, such as a re-measurement process per- 
formed for attribution information that was missed, can 
be reduced. 

[0254] At step S435, as at step S432, the portion to 
be measured is displayed on the display device 204. At 
this time, in the active state the "previous page" button 
on the menu 421 is changed to the "previous page" but- 
ton on the menu 422, and the screen can be returned 
to the teaching screen for the attribution information for 
teaching the previous measurement. 
[0255] To improve the operating efficiency, it is sub- 
stantially important that a support system assume the 
occurrence of an artificial error, such as "a wrong portion 
was measured" or "without measuring the current attri- 
bution information, the process is shifted to the next at- 
tribution information". When the "previous page" button 
on the menu 422 is employed, the preceding operating 
state can be easily recovered. 

[0256] Even when there is a large amount of attribu- 
tion information, the recovery operation that accompa- 
nies an artificial error can be simplified, so that psycho- 
logically the operator can easily perform the measure- 
ment process, and the operating efficiency can be im- 
proved. 

[0257] When it is ascertained at step S433 that no at- 
tribution information is available for the teaching of a 
next measurement, at step S436, the non-active state 
is set wherein the "next page" button can not be selected 
on the menu 422 in Fig. 42. When the non-active state 
wherein the "next page" button can not be selected is 
displayed on the display device 204, the operator can 
easily ascertain that the measurement process has end- 
ed. Further, it is possible to prevent the overlapping 
measurement of the same attribution information. 
[0258] During the measurement operation, the oper- 
ator employs an automatic measurement apparatus or 
a manual measurement instrument, in addition to an in- 
spection information processing apparatus explained in 
the embodiment. Since a plurality of apparatuses is em- 
ployed, it is preferable that the process end information 
obtained by the inspection information processing ap- 
paratus be displayed so it can easily be seen by the op- 
erator. 

[0259] During the measurement operation, the oper- 
ator mainly manipulates the "next page" button on the 
menu 421 in Fig. 42. Therefore, when the process end 
information is displayed on the display device 204 and 
the display state of the "next page" button is changed, 
the operator can easily ascertain whether the operation 
has been completed or whether there is still attribution 
information to be processed. 
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[0260] At step S432 or S435, the attribution value of 
the target attribution information can be displayed at a 
predetermined location on the display device 204. As 
previously described, since the operator employs a plu- 
rality of measurement instruments, so long as the infor- 5 
mation necessary for a measurement is displayed at a 
predetermined location, the operator can efficiently per- 
form the measurement. 

[0261] At step S432 or S435, a measured value can 
be input for the target attribution information. The oper- 10 
ator employs the process results input function on the 
menu 421 in Fig. 42 to enter the process results, such 
as measured values, and these results are stored on the 
internal storage medium 201 or in the external storage 
device 202 as the attribution values for the attribution *s 
information in Fig. 6. 

[0262] Referring again in Fig. 38, the processing will 

now be described that is performed when the present 

invention is applied for mold inspection. 

[0263] At step S386, the measurement results data is 20 

read from the external storage device 202. 

[0264] The measurement results data in Fig. 41 are 

merely examples. 

[0265] The operator can add the measurement re- 
sults data as measured values to the measurement data 25 
output at step S384. 

[0266] Furthermore, a file output by another measure- 
ment support application can be also be read as meas- 
urement results data. 

[0267] When the measurement results data including 30 
the coordinate value, such as a measurement point, is 
to be read, a coordinate system can be designated. 
[0268] At step S387, the measurement results are dis- 
played in correlation with the 3D model. 
[0269] Fig. 44 is a diagram showing an example 35 
wherein the measurement results are displayed in cor- 
relation with the 3D model. 

[0270] The measurement results can be displayed, 
while for individual attribution information, the colors of 
the faces and the ridge lines of the 3D model are 40 
changed in accordance with the difference between the 
measured value and the design value. 
[0271] Furthermore, by referring to the tolerance val- 
ue of attribution information, the measurement results 
can be displayed, while the colors of the faces and the 45 
ridge lines of the 3D model are changed at the ratio of 
the difference to the tolerance value. 
[0272] The embodiment has been explained for an 
operation wherein the present invention is applied for 
the mold inspection process using the 3D-CAD appara- so 
tus. However, the present invention is not limited to the 
use of the 3D-CAD apparatus, and a 2D-CAD apparatus 
can also be employed. And even when the 2D-CAD ap- 
paratus is employed, the inspection process can be ef- 
ficiently performed. 55 
[0273] In addition, as another example, the present 
invention is not limited to its use for the mold inspection 
process, and it can be applied for a process for inspect- 



ing a metal mold or a metal plate. Moreover, the present 
invention can be used to support the processing per- 
formed for the evaluation of CAD attribution information 
items, such as dimensions or dimensional tolerances. 
[0274] As is described above, in an embodiment, an 
attribution information apparatus and a method therefor 
comprises: 

identifier addition means for adding an identifier to 
attribution information, such as a dimension, on a 
CAD model; 

operation information output means for outputting 
information required for an operation such as a 
measurement; 

operation teaching means for teaching an operation 
such as a measurement; 

operation results reading means for reading opera- 
tion results, such as measurement results, in corre- 
lation with the identifier and the attribution informa- 
tion; and 

operation results display means for displaying the 
operation results in correlation with the CAD model. 
Thus, the efficiency of the manual inspection oper- 
ation can be improved, and even without a 2D draw- 
ing, an inspection can be performed, so that the 
steps and costs required for information transmis- 
sion for design and manufacturing can be reduced. 

[0275] In addition, the attribution information process- 
ing apparatus of an embodiment further comprises: 

operation planning means for grouping attribution 
information for each operation plan. Thus, at least 
several hundreds of attribution information sets can 
be easily processed, and the inspection operation 
can be performed in parallel for individual measure- 
ment plans. Therefore, the inspection period can be 
reduced. 

[0276] Furthermore, an attribution information 
processing apparatus in an embodiment comprises: 

operation instruction information addition means for 
adding to attribution information operation instruc- 
tion information, such as measurement points; and 
operation instruction information display means, 
provided for the operation teaching means to dis- 
play the operation instruction information. Since the 
instruction for the portion to be inspected is present- 
ed in correlation with the CAD model, an operator 
can be accurately and efficiently apprised of an op- 
eration instruction. 

[0277] Further, the operation teaching means in- 
cludes the attribution information correlation element 
display means that displays the elements of the CAD 
model with the attribution information so that the ele- 
ments of the CAD model can be distinguished from the 
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other elements. Therefore, even when the geometry is 
complicated or when the attribution information is intri- 
cate, the operator can easily apprehend which portion 
is to be measured. 

[0278] Furthermore, the operation teaching means in- 
cludes: 

group designation means for designating a group 
that is obtained for each operation plan; 
attribution information determination means for de- 
termining whether in the group for an operation plan 
there is next teaching attribution information; 
next page display means for, when the attribution 
information determination means determines that 
the next teaching attribution information is present, 
instructing the display of the next attribution infor- 
mation; and 

next page non-active means for, when the attribu- 
tion information determination means determines 
that there is no next teaching attribution information, 
inhibiting the instruction of the display of the next 
attribution information. With this arrangement, an 
operator can easily identify the end of the measure- 
ment operation, so that the omission of a measure- 
ment can be prevented and the backtracking of the 
measurement can be avoided. 

[0279] In addition, the operation teaching means in- 
cludes the attribution information fixed position display 
means for displaying attribution information at a prede- 
termined position. With this arrangement, the operator 
can easily obtain the information required for the meas- 
urement, and can efficiently perform the measurement 
while simultaneously manipulating a plurality of appara- 
tuses. 

(Other molding inspection processing) 

[0280] Other molding inspection processing and the 
operation instruction information addition processing 
will now be described in detail. 

[0281] In the operation planning process at step S382 
in Fig. 38, the attribution information is categorized for 
each measurement plan. 

[0282] A part to be measured has a 3D shape, and is 
measured in every direction or in an arbitrary direction, 
depending on the portion to be measured. When an au- 
tomatic measurement instrument, such as a CMM, is 
employed, at tool is used to fix a part to be measured to 
the table of the instrument. 

[0283] Figs. 63A and 63B are schematic diagrams 
showing the measurement state when an automatic 
measurement instrument, such as a CMM, is used. 
[0284] For a measurement performed in this example 
using the CMM, an available measurement range 6304 
is determined by the movable range of a measurement 
terminal 6301 , the shape of a part 6302 to be measured 
and the shape of a tool 6303 used to fix the part 6302. 



[0285] As is shown in Fig. 63B, the measurement 
range 6304 is defined in each direction. The attribution 
information that falls within the measurement range 
6304 can be measured in the pertinent direction, and 

5 the categorization of available attribution information for 
each direction for the automatic measurement instru- 
ment is called the measurement planning. 
[0286] Further, when means, such as a micrometer, 
a microscope or a gauge, is employed to manually 

10 measure attribution information that can not be meas- 
ured by the automatic measurement instrument, the 
process for categorizing, for each measurement means, 
dimensions manually measured by the micrometer is al- 
so called operation planning. 

15 [0287] This process will now be described while refer- 
ring to Figs. 64 and 65. 

[0288] At step S6501 in Fig. 65, a part or an attribution 
information group is designated as a target for the meas- 
urement planning. For this process, a menu 641 in Fig. 
20 64, displayed on the display device 204, is employed to 
interactively designate the part or the attribution infor- 
mation group. 

[0289] When the part or the attribution information 
group for the measurement planning is designated, the 

25 attribution information belonging to this group is auto- 
matically displayed on the display device 204. When an 
attribution information group correlated with a view is 
designated, the attribution information is displayed in 
accordance with the view. 

30 [0290] When no attribution information for which plan- 
ning should be performed is present for the part or the 
attribution information group that is designated, the 
message, "no attribution information is present", is dis- 
played on the display device 204. Program control then 

35 returns to step S6501 and another part or attribution in- 
formation group is selected. 

[0291] When at step S6501 a part or an attribution in- 
formation group is designated as a target for a meas- 
urement plan, the process at step S6502 is performed 
40 for the first attribution information in GroupList. 

[0292] At step S6502, the operation menu status in 
Fig. 64 is changed in accordance with the entry order in 
GroupList for the current attribution information. 
[0293] When there is no preceding attribution infor- 
ms mation, as is shown in a state 6403 in Fig. 64, the "pre- 
vious attribution" button is set in the non-selectable state 
(inactive). 

[0294] When there is no attribution information after 
the current one, as is shown in a state 6402 in Fig. 64, 

50 the "next attribution" button is set to inactive. 

[0295] When in the GroupList there are preceding and 
succeeding attribution information entries for the current 
attribution information, both the "previous attribution" 
button and the "next attribution" button are set to the se- 

55 lectable state (active). 

[0296] At step S6503, the target attribution informa- 
tion for which the planning is to be performed is dis- 
played on the display device 204. 
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[0297] Since the target attribution information with the 
associated elements of the 3D model is highlighted, the 
information can be easily distinguished from other attri- 
bution information. 

[0298] Fig. 64 is a diagram showing an example 3D 
model 6404 for which the measurement planning is cur- 
rently being performed. 

[0299] When the target attribution information is high- 
lighted, at the same time, the process for displaying the 
attribution information fixed position is performed. For 
this process, important information, such as a design 
value, a tolerance and an identifier, which is included in 
the target attribution information, the rank of the current- 
ly target attribution information in GroupList, and the to- 
tal number of attribution information sets in GroupList 
are displayed at fixed positions on the display device 
204. 

[0300] The operator determines which method to use 
for measuring attribution information by referring to the 
highlighted attribution information and the attribution in- 
formation fixed position display. 

[0301] After this determination, a group that matches 
the measurement method is interactively selected by 
using the button, "designation of a group for an opera- 
tion plan", on the menu 6401 in Fig. 64. 
[0302] Further, when, as a result of the determination, 
a measurement point is required for the attribution infor- 
mation for which the planning is to be performed, the 
process at step S383 is called by selecting the "input 
measuring point" button on the menu 6401 in Fig. 64. 
[0303] When the operator selects a group for an op- 
eration plan, and then selects the "next attribution" but- 
ton by using the input device 205, such as a mouse, the 
next attribution information for an operation plan can be 
designated. 

[0304] When the "next attribution" button is selected 
by the operator, the attribution information ranked higher 
rank in GroupList than the current attribution information 
is regarded as attribution information for an operation 
plan. 

[0305] During the measurement plan, the operator 
mainly manipulates the "next attribution" button. When 
it is ascertained at step S6502 that the next attribution 
information for an operation plan is present, the "next 
attribution" button on the menu 6401 in Fig. 64 is always 
in the active state. Therefore, the operator can easily 
identify the presence of attribution information for which 
the planning should be performed, and can be prevent- 
ed from forgetting the measurement planning. 
[0306] When the operator selects the "next attribu- 
tion" button and designates for the operation plan the 
next attribution information, at the same time, the proc- 
ess for completing the operation planning for the current 
attribution information is performed. 
[0307] The group name designated at step S6501 is 
entered in "planning group name", which is one of the 
attribution values for the attribution information shown 
in Fig. 6, and is stored on the internal storage medium 



201 or in the external storage device 202. 
[0308] The attribution information is entered in Grou- 
pList at a location corresponding the planning group 
name, and is stored on the internal storage medium 201 

5 or in the external storage device 202. 

[0309] The display color for the present target attribu- 
tion information is changed to a "processed" color indi- 
cating that the information has been processed. 
[031 0] Since the display color for the attribution infor- 

10 mation is changed to the "processed" color, the operator 
can easily identify the attribution information for which 
the planning has been completed. 
[0311] Further, since the rank of the current target at- 
tribution information in GroupList and the total number 

15 of attribution information sets in GroupList are present- 
ed while the attribution information fixed positions are 
displayed, the operator can readily identify the current 
state of the planning operation. 

[0312] When the planning group name is already set 
20 in the attribution value "planning group name" in the 
planning completed processing, it indicates that the op- 
eration planning has been completed for the target at- 
tribution information. 

[0313] In this case, the processed information han- 
25 dling process is performed. The pertinent attribution in- 
formation that corresponds to the planning group name 
that has already been stored is deleted from GroupList, 
and the attribution value "planning group name" is de- 
leted. The planning completed process is performed af- 
30 ter the processed information handling process. 

[0314] Since the processed information handling 
process is performed, one set of attribution information 
can belong to one planning group. 
[0315] Through this processing, one method for 
35 measuring the attribution information is established, and 
a measurement for which a plurality of methods is erro- 
neously used can be prevented. 

[0316] When the "previous attribution" button is se- 
lected by the operator, the attribution information ranked 
40 higher in GroupList than the current attribution informa- 
tion is regarded as target attribution information for the 
operation planning. 

[0317] In this case, the planning completed process 
is not performed. 

45 [0318] To improve operating efficiency, it is substan- 
tially important that a support system assumes the oc- 
currence of an artificial error, such as "a wrong planning 
group has been designated" or "a measurement point 
to be designated has been missed". In this case, the 

50 preceding operating state can be easily recovered by 
selecting the "previous attribution" button on the menu 
6402. 

[0319] Since the recovery process accompanied by 
an artificial error is simplified even when there is a large 
55 amount of attribution information, psychologically, the 
operator can readily conduct the measurement, and the 
operating efficiency can be improved. 
[0320] When there is no more succeeding attribution 
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information for the operation planning in the current tar- 
get attribution information group, the "next attribution" 
button is set inactive. 

[0321] In this case, when another attribution informa- 
tion group is designated to continue the measurement 
planning process, the "continue" button on the menu 
6401 in Fig. 64 is designated. 

[0322] Further, when the measurement planning is to 
be ended or interrupted for the current attribution infor- 
mation group, the "end" button on the menu 6401 in Fig. 
64 is designated. 

[0323] When at step S6503 the "previous attribution" 
button and the "next attribution" button are designated, 
it is ascertained at step S6504 that the measurement 
planning for the currently selected attribution informa- 
tion group has been continued, and program control re- 
turns to step S6502. 

[0324] When the "continue" button is designated at 
step S6503, it is ascertained that the measurement 
planning for the currently selected attribution informa- 
tion group is to be terminated, and that the measure- 
ment planning is to be continued by selecting another 
attribution information group. Thus, program control is 
shifted to step S6505. 

[0325] When the "end" button is selected at step 
S6503, it is ascertained that the measurement planning 
process is to be terminated, and program control is shift- 
ed to step S6506. 

[0326] At step S6505, the planning completed proc- 
ess is performed for the current target attribution infor- 
mation, and thereafter, the part and the attribution infor- 
mation group that are currently designated are released, 
and a new part and a new attribution information group 
can be designated. Program control is shifted to step 
S6501. 

[0327] At step S6506, the planning completed proc- 
ess for the current target attribution information is per- 
formed. Thereafter, the part and the attribution informa- 
tion that are currently designated are released, and pro- 
gram control exits the processing using the menu 6401 
in Fig. 64. 

[0328] Since a degree of freedom is provided for the 
measurement planning operation, the operation can be 
interrupted even when planning has not been performed 
for the attribution information of all the attribution infor- 
mation groups. Since this may result in the omission of 
measurement planning for the attribution information, 
the measurement planning means includes: means for 
providing, for a group for which the planning had not yet 
been performed, attribution information that does not 
belong to any of the groups for the operation plan; and 
means for displaying only a group for which the opera- 
tion planning has not yet been performed. 
[0329] Fig. 66 is a diagram showing an example dis- 
play for attribution information for which the measure- 
ment planning has not yet been performed. 
[0330] By using the means for displaying only a group 
for which the measurement planning has not yet been 



performed, the operator can easily identify attribution in- 
formation that has been missed for the measurement 
planning. Further, by using the means for providing, for 
a group for which the planning has not yet been per- 

5 formed, the attribution information that does not belong 
to a group for the operation plan, the operator can per- 
form re-planning for only the attribution information that 
has been missed for planning. With these means, the 
forgetting of planning can be prevented. 

10 [0331] At step S383 a measurement point is selected 
for the attribution information. 

[0332] As the measurement point, a point that the op- 
erator uses as a measurement index can be designated 
in advance on the CAD model relative to attribution in- 

15 formation, such as a dimension. And a measurement 
path program for an automatic measurement instru- 
ment, such as a CMM, can be prepared by referring to 
the information for the measurement point. 
[0333] The input device 205, such as a mouse, is used 

20 to designate the measurement point on the 3D model 
displayed on the display device 204. 
[0334] However, since the position accuracy for the 
input of the measurement point can not be performed 
satisfactorily when using the input device 205, such as 

25 a mouse, the input device 205 is not appropriate for the 
designation of an important portion for which accurate 
positioning is required. 

[0335] Further, when the geometry of the part must 
be changed based on the measurement results, an ac- 
30 curate coordinate position may be required for the in- 
struction of the portion to be changed. In this case also 
the designation of the measurement point using the 
mouse is inappropriate. 

[0336] Therefore, in this embodiment, coordinates 
35 can also be employed to designate a measurement 
point. 

[0337] Fig. 67 is a diagram showing an example 
wherein the designation of a measurement point is per- 
formed using coordinates. The designation of a meas- 
40 urement point using coordinates is performed as fol- 
lows. 

[0338] A reference point and reference directions X 
and Y are designated on the element face of the 3D 
model that is correlated with the attribution information 

45 to which the measurement points are added. An offset 
value X1 in the direction X from the reference point and 
an offset value Y1 in the direction Y are designated, and 
an interval value X2 in the X direction from the meas- 
urement point and an interval value Y2 in the Y direction 

50 are designated. Then, the number of measurement 
points allocated in the X direction and the number of 
measurement points in the Y direction are designated. 
[0339] These designations are interactively per- 
formed by using a menu 6701 in Fig. 67 that is displayed 

55 on the display device 204. Through this processing, one 
or more accurately positioned measurement points can 
be added. 

[0340] When accurate positioning of the measure- 
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ment points is not required, or when multiple (several 
tens to several hundreds) measurement points must be 
positioned, only a small number of steps need be per- 
formed by using the means of the invention to designate 
the measurement points. 

[0341] The measurement points that are designated 
are stored on the internal storage medium 201 or in the 
external storage device 202 as the attribution values for 
the attribution information. 

[0342] Fig. 40 is a diagram showing an example 
wherein the measurement points are displayed in cor- 
relation with the attribution information and the 3D mod- 
el displayed on the display device 204. 
[0343] Measurement points 401 and point IDs 402 are 
examples displayed on the display device 204, while 
identifiers unique to individual attribution information are 
added as point IDs to the measurement points 401 . As 
is shown in Fig. 40, the point IDs 402 are displayed near 
the measurement points 401 displayed on the display 
device 204. 

[0344] Since the processing following step S384 in 
Fig. 38 has been described above, no further explana- 
tion for this processing will be given. 

(Identifier) 

[0345] A detailed explanation will now be given for the 
process at step S151 for adding an identifier to attribu- 
tion information that has been added to the 3D model. 
[0346] In this embodiment, an identifier can be added 
to the attribution information correlated with the geom- 
etry model, and can be stored on the internal storage 
medium 201 . 

[0347] Further, in the embodiment, the added identi- 
fiers can be stored on the internal storage medium 201 
as an identifier list on which all the histories are corre- 
lated with the geometry model. 

[0348] Furthermore, in this embodiment, in accord- 
ance with an instruction from the operator, the added 
identifiers and identifier list can be stored together with 
the attribution information in the external storage device 
202 (step S307). 

[0349] When the attribution information to which the 
identifier is added is deleted, the identifier is also deleted 
from the internal storage medium 201 ; however, the his- 
tory on the identifier list is maintained. 
[0350] As a result, the identifier used in the past can 
be prevented from being used repetitively, and the con- 
fusion in the post-process caused by repetitively using 
the identifier can be avoided. 

[0351] Fig. 45 is a conceptual diagram showing a 
method for storing an identifier and an identifier list in a 
storage medium according to an embodiment. 
[0352] In an embodiment, the identifier addition func- 
tion is implemented by a method for automatically add- 
ing an identifier at the same time as the attribution infor- 
mation is added; a method for collectively adding an 
identifier for each geometry model or for each attribution 



group; and a method for adding an identifier to each set 
of attribution information. 

[0353] The identifier display function of an embodi- 
ment can display, near the area for the attribution infor- 
5 mation, the identifier that is added in the identifier addi- 
tion process. At this time, the display color, the display 
form and the display size of an identifier can be desig- 
nated. 

[0354] Fig. 46 is a flowchart showing the attribution 
10 addition processing at step S303 for automatically add- 
ing an identifier. When the attribution addition process 
S303 is performed, at the same time, the following proc- 
ess is also performed. 

[0355] At step S4601, the internal storage medium 
15 201 is examined to find the identifier list correlated with 
the geometry model to which the attribution is to be add- 
ed, and the smallest unused identifier number is select- 
ed. 

[0356] At step S4602, the selected identifier number 
20 is added to the identifier list, and is stored on the internal 
storage medium 201. 

[0357] At step S4603, the identifier is added to the at- 
tribution information and is stored on the internal storage 
medium 201 . 

25 [0358] When the operator uses the input device 205 
to select from the menu in Fig. 47 the automatic identifier 
addition entry 4701, it is possible to change the setting 
or non-setting of the method for automatically adding an 
identifier at the time the attribution information is added. 

30 [0359] Figs. 48 and 49 are flowcharts showing the 
processing for adding an identifier for each geometry 
model or each attribution group. 

[0360] Fig. 50 is a diagram showing an operating 
menu for the method for adding an identifier for each 
35 geometry model or each attribution group, and each 
process on the menu is performed when an operator in- 
teractively issues an instruction using the input device 
205. 

[0361] At step S4801 , a geometry model to which the 
identifier is to be added can be selected. 
[0362] Fig. 51 is a diagram showing the process per- 
formed at step S4801 to select a geometry model. 
[0363] While confirming the geometry displayed on 
the display device 204, an operator can select an arbi- 
45 trary geometry model by manipulating the input device 
205. An instruction pointer 51 03 is provided for the input 
device 205. 

[0364] To select a geometry model using the input de- 
vice 205, either a geometry model 5101 displayed on 

50 the display device 2045 is designated using the instruc- 
tion pointer 5103, or a specific geometry model is se- 
lected from a geometry model list 5102 also displayed 
on the display device 204, or the name of a geometry 
model can be entered directly. 

55 [0365] After the geometry model has been selected, 
at step S4802 an attribution group to which the identifier 
is to be added is selected from among attribution groups 
correlated with the selected geometry model. 
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[0366] it should be noted that the process at step 
S4802 is initiated by using an operation menu 5002, 
which facilitates the selection of the attribution group. 
[0367] Fig. 52 is a diagram showing an attribution 
group selection method according to the invention. 
[0368] While confirming an attribution group list 5201 
displayed on the display device 204, an operator can 
select an arbitrary attribution group by using a pointer 
5202 provided for the input device 205. 
[0369] Further, when the "select all groups" switch 
5003 on the program menu in Fig. 50 is selected, "all 
the groups" can be selected instead of a specific dimen- 
sion group. 

[0370] The process at step S4803 is activated by us- 
ing an operation menu 5004, and the designation of a 
start number for an identifier. 

[0371] When at step S4801 a target geometry model 
is designated for processing, the unused, minimum 
identifier is selected from the identifier list correlated 
with this target geometry model, and is designated as 
the initial setup for step S4803. The start number of the 
identifier can be designated by using the input device 
205 to enter a numerical value. 

[0372] Upon receiving an instruction selected by an 
operator from the operation menu 5004, the identifier 
addition process S4804 is initiated. 
[0373] First, at step S4805, a check is performed to 
determine whether a geometry model has been desig- 
nated to which the identifier should be added. 
[0374] When a target geometry model has not been 
designated, program control is returned to step S4801. 
[0375] When, however, a target geometry model has 
been designated at step S4805, the process at step 
S4806 is initiated to determine whether a target attribu- 
tion information group has been designated to which an 
identifier is to be added. When the target attribution in- 
formation has not been designated, program control is 
shifted to step S4802. 

[0376] The process at step S4901 is initiated, howev- 
er, if a target attribution group has been designated at 
step S4806. 

[0377] At step S4901 , in the order whereat the data is 
input, one attribution information set is selected from 
among those included in the selected attribution infor- 
mation group for the selected geometry model. 
[0378] At step S4902, a check is performed to deter- 
mine whether an identifier has been added to the select- 
ed attribution information. When an identifier has been 
added to the selected attribution information, program 
control returns to step S4901 and the next attribution 
information is selected. When an identifier has not been 
added to the selected attribution information, program 
control is shifted to step S4903. 

[0379] At step S4903, an unused identifier located fol- 
lowing the start number of the identifier designated at 
step S4803 is selected from the identifier list. 
[0380] At step S4904, the identifier is added to the se- 
lected attribution information and is stored on the inter- 



nal storage medium 201. 

[0381] At step S4905, the identifier is added to the 
identifier list, and is stored on the internal storage me- 
dium 201. 

5 [0382] At step S4906, a check is performed to deter- 
mine whether the identifier has been added to all the 
attribution information in the selected attribution group 
for the selected geometry model. When it is determined 
that not all attribution information has been processed, 

10 program control returns to step S4901 and the above 
processing is repeated. Whereas when it is determined 
the identifier has been added to all the attribution infor- 
mation, the processing is terminated. 
[0383] Fig. 53 is a flowchart showing the processing 

15 performed to add an identifier for each set of attribution 
information. 

[0384] Fig. 54 is a diagram showing the operation 
menu used for the processing for adding an identifier for 
each set of attribution information. The individual proc- 

20 esses are performed when an operator interactively is- 
sues an instruction using the input device 205. 
[0385] At step S5301 , target attribution information to 
which an identifier has been added can be selected. 
During this process, specific attribution information dis- 

25 played on the display device 204 is selected using the 
input device 205. 

[0386] At step S5302, the identifier number to be add- 
ed for the selected attribution information is designated. 
[0387] The identifier addition process S5303 is initiat- 
30 ed when the operator uses the input device 205 to select 
an "accept" button 5403. 

[0388] First, at step S5304, the presence on the iden- 
tifier list for the internal storage medium 01 of the iden- 
tifier number designated at step S5302 is confirmed. 
35 When the identifier numbers overlap, program control 
returns to step S5302. But when the identifier numbers 
do not overlap, program control advances to step 
S5305. 

[0389] At step S5305, the selected identifier is added 
40 to the identifier list. 

[0390] At step S5306, the selected identifier is added 
to the selected attribution information and the process- 
ing is thereafter terminated. 

[0391] Figs. 55 and 56 are diagrams showing exam- 
45 pie states in which the identifier added to the attribution 
information is displayed. 

[0392] An identifier 5601 is added to and located in a 
neighboring area adjacent to attribution information 
5602. Thus, the identifier for each attribution information 

50 set can be easily distinguished. 

[0393] The neighboring area, adjacent to the attribu- 
tion information 5602, in which the identifier 5601 is lo- 
cated is one that does not overlap attribution information 
5603 and that maintains a predetermined distance 

55 therefrom. 

[0394] The identifier 5601 can be located within the 
neighboring area in accordance with an operator's in- 
struction. 
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[0395] The identifier 5601 can be displayed using a 
frame or a parenthesis. 

[0396] Fig. 57 is a diagram showing example enclo- 
sures used for identifiers. 

[0397] Since the identifier number can be easily dis- 
tinguished from another attribution or identifier, it can 
more easily be identified. 

[0398] Fig. 58 is a flowchart showing the processing 
performed for setting an identifier for each geometry 
model or each attribution group. 

[0399] Fig. 59 is a diagram showing a program menu 
for setting an identifier for each geometry model or each 
attribution group. 

[0400] Through this processing, the display/non-dis- 
play of an identifier can be collectively changed for each 
geometry model or each attribution group. 
[0401 ] When the display of an identifier for attribution 
information is not required, no identifier is displayed, so 
that the attribution information on the display device 204 
can be easily seen. 

(Reflection of design change) 

[0402] Fig. 60 is a flowchart for explaining the 
processing performed at the downstream department 
when a design is changed. 

[0403] At step S6001 in Fig. 60, a CAD model 6010 
is released from the design department to the down- 
stream department. 

[0404] At step S6002, an additional information model 
6020 is created by adding additional information, such 
as a measurement point 6021 , to the CAD model 601 0. 
[0405] The measurement points shown in Fig. 60 are 
added to the CAD model 6010 as additional information 
for a dimension 6022. 

[0406] At step S6003, a design change model 6030 
is newly released by the design department. 
[0407] At step S6004, the design change model 6030 
is compared with the additional information model 6002. 
Thereafter, the additional information is reflected in the 
design change model 6030, producing a design change 
and generating the additional information model 6040. 
[0408] Fig. 61 is a detailed flowchart for explaining the 
process at step S6004. 

[0409] At step S1601 in Fig. 61, the identifier for the 
attribution information of the design change model 6030 
is referred to. 

[0410] At step S6102, the attribution information sets 
of the additional information model 6020 are examined 
to find attribution information having the same identifier. 
[0411] When attribution information having the same 
identifier is found at step S6102, at step S6103 the at- 
tribution values, other than the identifier of the pertinent 
attribution information, are compared. 
[0412] The process at step S6103 will now be de- 
scribed by using the dimensional tolerance information 
as example attribution information. 
[0413] The dimensional tolerance information, as 



shown in Fig. 6, includes an identifier, a nominal value, 
a tolerance value, and a pointer to dimensional refer- 
ence elements, such as Face, Edge and Vertex. 
[0414] Dimensional tolerance information sets having 
5 the same identifier are compared to determine whether 
they have the same values for the nominal value, the 
tolerance value, the dimension text and the reference 
element. 

[0415] As an example, for the dimensions 6022 and 
10 6031 in Fig. 60, the nominal value of 25, the tolerance 
value of 0.1 and the reference element of the dimension 
are the same, i.e., all the attribution values allocated for 
the dimension match. 

[0416] When at step S6103 all the attribution values 

15 match, at step S6104 additional information, such as a 
measurement point, which is added to attribution infor- 
mation that is unchanged, is transferred to the attribution 
information of the design change model 6030. 
[0417] At step S6004 in Fig. 60, the measurement 

20 point 6021 for the dimension 6022 of the additional at- 
tribution model 6020 is transferred to the dimension 
6031 for the design change model 6030. 
[0418] When for attribution information having refer- 
ence elements, such as a dimensional tolerance, all the 

25 attribution values match, other attribution information, 
accompanied by the reference element for the attribu- 
tion information, may also be transferred. 
[0419] Therefore, whether a design has been 
changed can be determined in accordance with a di- 

30 mensional tolerance attribution. As for other attribution 
information, attribution information such as a process or 
a step that is added to an unchanged element can be 
efficiently transferred to the design change model. 
[0420] At step S6105, a check is performed to deter- 

35 mine whether data constituting the next attribution infor- 
mation to be compared is present for the design change 
model 6030. 

[0421] When it is ascertained at step S6105 that all 
the attribution information for the design change model 
40 6030 has been processed, the processing is terminated. 
[0422] When at step S6102 it is determined that no 
duplicate identifiers are provided for attribution informa- 
tion, or when at step S61 03 there is an attribution value 
that does not match, at step S6106 the attribution infor- 
ms mation is regarded as being one obtained by design 
change and is stored on the internal storage medium 
201 or in the external storage device 202. 
[0423] In the above processing, a search performed 
for attribution information while focusing on an identifier 
50 has been explained. However, this processing can also 
be performed for attribution information having no iden- 
tifier. 

[0424] In this case, steps S6101 and S6102 are not 
required, and at step S6103, a search is performed for 
55 attribution information for an additional information mod- 
el for which all the attribution values match those of the 
attribution information included in a target design 
change model. 
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[0425] Further, the attribution information for which all 
the attribution values match is excluded for the succeed- 
ing search, so as to improve the efficiency of the search. 
[0426] At step S6103, for a comparison of attribution 
values, those attribution values that are not to be com- 
pared can be designated. Assume that a dimensional 
tolerance attribution is employed as an example. Even 
when the size of characters on a dimensional label or 
the position whereat a dimensional label is allocated for 
the additional attribution model does not match that of 
the design change model, so long as the other attribu- 
tion values match it is ascertained that the attribution 
information is unchanged, and that the additional infor- 
mation or the attribution information of an element that 
is referred to by the dimensional tolerance attribution 
should be transferred. 

[0427] In this case, since the size of the dimensional 
label or the size of the character on the label are not 
compared, the efficiency of the conversion can be im- 
proved. 

[0428] Fig. 62 is a diagram showing an example 
wherein the changed attribution information is correlat- 
ed with the CAD model. 

[0429] A plane 6201 in Fig. 62 is referred to by a di- 
mension 6202, the changed attribution information. 
[0430] A plane 6203 in Fig. 62 is referred to by the 
dimension 6202 that is newly added for the additional 
information model 6020. 

[0431] Since the element referred to by the changed 
dimension is highlighted and can thus be distinguished 
from another element, the portion for which the design 
has been changed can be easily identified. 
[0432] I n the above explanation, the present i nvention 
has been applied for the mold inspection processing us- 
ing a 3D-CAD apparatus. However, the present inven- 
tion is not limited to the use of a 3D-CAD apparatus, and 
a 2D-CAD apparatus can also be employed. When a 
2D-CAD apparatus is employed, the correction opera- 
tion, accompanied by the design change, can be effi- 
ciently performed. 

[0433] In addition to a CAD apparatus, the present in- 
vention can be also used for an information processing 
apparatus for handing attribution information. 
[0434] For example, additional information that has 
been added to a text or image data document prepared 
by a document creation apparatus can be transferred to 
a changed document. 

[0435] Specifically, when during the post-process dis- 
play attribution information, such as a color, Is added to 
the image data of a document, or when the image data 
is not changed in a changed document, the display in- 
formation, such as a color, can be transferred to the im- 
age data of the document that has been changed. 
[0436] Thus, a correction operation constituting a post 
process accompanied by a document change can be 
efficiently performed. 

[0437] As is described above, according to an embod- 
iment, an attribution information processing apparatus 



and a method therefor comprise: 

attribution information comparison means for com- 
paring attribution information for two sets of CAD 

5 data, i.e., old data and new data; and 

additional information transfer means for, when at- 
tribution information is not changed, transferring to 
new data additional information that is added to the 
attribution information for the old data, 

10 wherein the attribution information comparison 
means includes 

dimensional information comparison means for 
comparing dimensional information for each dimen- 
sion of the two sets of CAD data, and 
15 wherein the additional information transfer means 
includes 

additional dimension information transfer means for 
transferring additional dimension information that is 
added to the dimension information for the CAD 

20 model, 

additional element information transfer means for 
transferring additional element information that is 
added to the elements of the CAD model that are 
referred to by the dimension information for the 

25 CAD model, and 

measurement point transfer means for transferring 
a measurement point. Even when the original data 
is changed, e.g., when the design is changed, infor- 
mation that is added later can be efficiently and ac- 

30 curately reflected in the changed data. 

[0438] Especially during product development, a de- 
sign is frequently changed while parallel processing is 
performed, and the attribution data that is added down- 
35 stream can be reflected in the design change model 
without the attribution data having to be reentered. As 
a result, concurrent development production can be 
smoothly performed. 

[0439] Further, the attribution information processing 
40 apparatus comprises: 

attribution information comparison means for com- 
paring attribution information for two sets of CAD 
data, i.e., old data and new data, including dimen- 

45 sion information comparison means for comparing 
dimension information for the two CAD data; 
change attribution information storage means for, 
when attribution information comparison means de- 
termines that the attribution information has been 

50 changed, storing the changed attribution informa- 
tion; 

changed attribution information teaching means for 
displaying the changed attribution information in 
correlation with the data; 
55 changed dimension teaching means for so display- 
ing a changed dimension on the CAD model that 
the changed dimension can be easily seen; and 
changed element teaching means for displaying, e. 
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g. t highlighting, the elements (Face, Edge and Ver- 
tex) of the CAD model that is referred to by a dimen- 
sion, so that the elements can be distinguished from 
other elements. Therefore, the portion of a model 
that has been changed can be easily discerned vis- 
ually 

[0440] Since the changed portion can be detected, 
the number of steps that must be performed when a 
changed portion is missed, and the number of steps re- 
quired for confirming the changed portion can be re- 
duced. 

(Another embodiment) 

[0441] The scope of the present invention also in- 
cludes a configuration wherein, to achieve the functions 
of the embodiment, software program code that imple- 
ments the functions of the embodiment is supplied to an 
apparatus or a system computer that is connected to 
various devices, and the devices are operated in ac- 
cordance with a program stored in the computer (a CPU 
or an MPU) of the system or the apparatus. 
[0442] In this case, invention functions are provided 
by the software program code, and the program code 
also constitutes an embodiment of the invention. The 
storage medium for supplying the program code can be 
a communication medium for a computer network (LAN 
or the Internet) system that acts as a carrier for the trans- 
mission of program information. 

[0443] Further, means for supplying the program code 
to a computer, e.g., a storage medium on which the pro- 
gram code is stored (a floppy disk, a CD-ROM, a mag- 
netic tape, a nonvolatile memory card, a ROM, a hard 
disk, an optical disk, a magneto-optical disk, etc.), or a 
signal carrying the program code constitutes the present 
invention. In addition, with the present invention it is not 
only possible for the functions of the previous embodi- 
ment to be provided through the execution of program 
code by a computer, but also, the program code can in- 
teract with an OS (Operating System) or with another 
software application running on the computer to provide 
the functions described in the above embodiment. 



Claims 

1. An information processing apparatus comprising: 

attribution input means for entering attribution 

information for a 3D model; 

attribution categorization means for sorting 

said attribution information into a plurality of 

groups; 

attribution display means for generating data to 
display attribution information for each of said 
groups. 



2. An information processing apparatus according to 
claim 1 , wherein said attribution display means dis- 
plays in order attribution information for each of said 
categorized groups. 

5 

3. An information processing method comprising: 

an attribution input step of entering attribution 
information for a 3D model; 
10 an attribution categorization step of sorting said 

attribution information into a plurality of groups; 
an attribution display step of displaying attribu- 
tion information for each of said groups. 

15 4. A computer executable program product compris- 
ing: 

code for entering attribution information for a 
3D model; 

20 code for sorting said attribution information into 

a plurality of groups; 

code for displaying attribution information for 
each of said groups. 

25 5. An information processing apparatus comprising: 

visual line setting means for defining an arbi- 
trary visual direction and a visual line for a 3D 
model; 

30 attribution entering means for categorizing, into 

groups, attribution information corresponding 
to said arbitrary visual direction set by said vis- 
ual line setting means, and for adding said cat- 
egorized attribution information to said groups; 

35 storage means for storing said visual direction 

in correlation with said categorized attribution 
information groups; 

designation means for designating said visual 
direction; and 

40 display means for generating data to display an 

attribution information group that corresponds 
to said visual direction designated by said des- 
ignation means. 

45 6. An information processing apparatus according to 
claim 5, wherein said attribution display means dis- 
plays in order attribution information for each of said 
categorized groups. 

50 7. An information processing apparatus according to 
claim 5, wherein, in said storage means, a plurality 
of like visual directions are stored in correlation with 
different attribution information sets. 

55 8. An information processing method comprising: 

a visual line setting step of defining an arbitrary 
visual direction and a visual line for a 3D model; 
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an attribution entering step of categorizing, into 
groups, attribution information corresponding 
to said arbitrary visual direction set at said vis- 
ual line setting step, and of adding said catego- 
rized attribution information to said groups; 
a storage step of storing said visual direction in 
correlation with said categorized attribution in- 
formation groups; 

a designation step of designating said visual di- 
rection; and 

a display step of displaying an attribution infor- 
mation group that corresponds to said visual di- 
rection designated at said designation step. 

9. A computer executable program comprising: 

code for defining an arbitrary visual direction 
and a visual line for a 3D model; 
code for categorizing, into groups, attribution 
information corresponding to said arbitrary vis- 
ual direction set at said visual line setting step, 
and for adding said categorized attribution in- 
formation to said groups; 
code for storing said visual direction in correla- 
tion with said categorized attribution informa- 
tion groups; 

code for designating said visual direction; and 
code for displaying an attribution information 
group that corresponds to said visual direction 
designated at said designation step. 

10. An information processing apparatus comprising: 

identifier addition means for adding an identifier 
to attribution information, including a CAD mod- 
el dimension; and 

operation teaching means for teaching opera- 
tion results, such as measurement results. 

11. An information processing apparatus according to 
claim 10, further comprising: 

operation results reading means for, based on 
said identifier, reading said operation results 
and said attribution information in correlation 
with each other; and 

operation results display means for displaying 
said operation results in correlation with said 
CAD model. 

12. An information processing apparatus according to 
claim 10, further comprising: 

operation planning means for grouping attribu- 
tion information for each operation plan. 

13. An information processing apparatus according to 
claim 10, further comprising: 



operation instruction information addition 
means for adding, to attribution information, op- 
eration instruction information, such as a meas- 
urement point, 

5 

wherein said operation teaching means in- 
cludes operation instruction information display 
means for displaying said operation instruction in- 
formation. 

10 

14. An information processing apparatus according to 
claim 10, wherein said operation teaching means 
includes: 

15 attribution information correlated element dis- 

play means for displaying elements of a CAD 
model with which attribution information is cor- 
related so that said elements can be distin- 
guished from other elements. 

20 

15. An information processing apparatus according to 
claim 10, wherein said operation teaching means 
includes: 

25 operation planning group designation means 

for designating an operation plan group that is 
obtained by grouping said attribution informa- 
tion for individual operation plans; 
attribution information determination means for 

30 determining whether next teaching attribution 

information is available in said operation plan- 
ning group; 

next display means for, when said attribution in- 
formation determination means determines 

35 that next teaching attribution information is 

available, instructing the display of said next at- 
tribution information; and 
next display non-active means for, when said 
attribution information determination means 

*o determines that no next teaching attribution in- 

formation is available, inhibiting the display of 
said next attribution information. 

16. An information processing apparatus according to 
45 claim 10, wherein said operation teaching means 

includes: 

attribution information fixed position display 
means for displaying attribution information at 
50 a predetermined position. 

17. An information processing apparatus according to 
claim 10, wherein said identifier addition means in- 
cludes: 

55 

identifier history holding means for holding the 

history of an identifier; and 

appropriate identifier addition means for refer- 
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ring to said history of said identifier to add, to 
additional information, an identifier that does 
not appear in said history. 

18. An information processing apparatus according to 
claim 10, wherein said identifier addition means in- 
cludes: 

means for designating a range for enabling the 
addition of an identifier. 

19. An information processing apparatus according to 
claim 10, wherein said identifier addition means in- 
cludes: 

means for enabling the designation of an iden- 
tifier for which addition is begun. 

20. An information processing apparatus according to 
claim 10, further comprising: 

means for displaying, in correlation with attribu- 
tion information, an identifier at a designated lo- 
cation near said attribution information. 

21. An information processing apparatus according to 
claim 20, further comprising: 

means for changing the display/non-display of 
said identifier for said attribution information. 

22. An information processing apparatus according to 
claim 12, wherein said operation planning means 
groups attribution information for each operation 
plan, without overlapping. 

23. An information processing apparatus according to 
claim 12, further comprising: 

unprocessed attribution information display 
means for displaying attribution information 
that has not yet been grouped by said operation 
planning means so that said attribution informa- 
tion can be distinguished from attribution infor- 
mation that has been grouped. 

24. An information processing apparatus according to 
claim 12, further comprising: 

target attribution group designation means for 
designating an attribution information group 
that is grouped by said operation planning 
means; and 

designated attribution information display 
means for displaying attribution information for 
said group designated by said target attribution 
group designation means so that said attribu- 
tion information can be distinguished from other 



10 



15 



attribution information. 

25. An information processing apparatus according to 
claim 13, wherein said operation instruction infor- 
mation addition means selects an addition method 
from several choices, including at least two of addi- 
tion effected by designating an operation using a 
mouse, addition effected by designating coordi- 
nates, and addition effected automatically. 

26. An information processing method comprising: 

an identifier addition step of adding an identifier 
to attribution information, including a CAD mod- 
el dimension; and 

an operation teaching step of teaching opera- 
tion results, such as measurement results. 



27. A computer executable program product compris- 
20 ing: 

code for adding an identifier to attribution infor- 
mation, including a CAD model dimension; and 
code for teaching operation results, such as 
25 measurement results. 

28. An information processing apparatus comprising: 

attribution information comparison means for 
30 comparing old attribution information with new 

attribution information; and 
additional information transfer means for, when 
said old and said new attribution information 
correspond, transferring additional information 
35 provided for said old attribution information to 

said new attribution information. 

29. An information processing apparatus according to 
claim 28, wherein said attribution information com- 

40 parison means includes: 

dimension information comparison means for 
comparing dimension information for dimen- 
sions for said two CAD data sets. 



45 



30. An information processing apparatus according to 
claim 28, wherein said additional information trans- 
fer means transfers additional dimension informa- 
tion that is added to the dimensions of a CAD model. 



50 



31. An information processing apparatus according to 
claim 28, wherein said additional information trans- 
fer means transfers additional element information 
that is added to the elements of said CAD model 

55 that are referred to by said dimensions of said CAD 
model. 

32. An information processing method comprising: 
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an attribution information comparison step of 
comparing old attribution information with new 
attribution information; and 
an additional information transfer step of, when 
said old and said attribution information corre- 
spond, transferring additional information pro- 
vided for said old attribution information to said 
new attribution information. 

33. A computer executable program comprising: 

code for comparing old attribution information 
with new attribution information; and 
code for, when said old and said new attribution 
information correspond, transferring additional 
information provided for said old attribution in- 
formation to said new attribution information. 

34. An information processing apparatus comprising: 



a changed attribution information teaching step 
of displaying changed attribution information in 
correlation with data. 

5 40. A computer executable program product compris- 
ing: 

code for comparing old attribution information 
with new attribution information; and 
10 code for displaying changed attribution infor- 

mation in correlation with data. 

41. A computer program product according to any of 
claims 4, 9, 27, 33 and 40 when embodied as a stor- 
es age medium storing the computer-executable code. 

42. A computer program product according to any of 
claims 4, 9, 27, 33 and 40 when embodied as a sig- 
nal carrying the computer-executable code. 

20 



attribution information comparison means for 
comparing old attribution information with new 
attribution information; and 
changed attribution information teaching 
means for generating data to display changed 25 
attribution information in correlation with data. 



35. An information processing apparatus according to 
claim 34, wherein, when it is ascertained that said 
attribution has been changed, said attribution infor- 30 
mation comparison means stores, as updated attri- 
bution information, said attribution information that 
has been changed. 



36. An information processing apparatus according to 35 
claim 34, wherein said attribution information com- 
parison means compares dimensional information 

for the individual dimensions of two sets of CAD da- 
ta, i.e., old data and new data. 

40 

37. An information processing apparatus according to 
claim 36, wherein said changed attribution informa- 
tion teaching means displays a changed dimension 
so that said changed dimension can be identified 

on a CAD model. 45 



38. An information processing apparatus according to 
claim 36, wherein said changed dimension teaching 
means displays elements (Face, Edge and Vertex) 
of a CAD model that is referred to by the dimensions 50 
so that said element can be distinguished from oth- 
er elements. 



39. An information processing method comprising: 

55 

an attribution information comparison step of 
comparing old attribution information with new 
attribution information; and 
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